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(57) ABSTRACT 

The invention provides compositions containing HCV 
epitopes, which are recognized by cytotoxic T lymphocytes. 
Such polypeptides are used in prophylactic vaccines, immu 
notherapies, and assays to monitor the progress or Success of 
immune interventions. The compositions are optimized to 
elicit an immune response in a genetically-diverse popula 
tion of individuals. 
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EPITOPES OF HEPATITIS C VIRUS 

PRIORITY CLAIM 

This application claims priority to provisional patent 
application 60/381,273 filed May 16, 2002, the entire con 
tents of which are hereby incorporated by reference. 

STATEMENT AS TO FEDERALLY SPONSORED 
RESEARCH 

This invention was made with U.S. Government support 
under a National Institutes of Health grant number AI31563. 
The government has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

The invention relates to T cell immunity to viral antigens. 
Hepatitis is a disorder involving inflammation of the liver. 

Hepatitis C (HCV) is a form of hepatitis caused by an RNA 
virus. This pathogen accounts for many of the hepatitis cases 
previously referred to as non-A, non-B hepatitis. HCV is 
believed to cause between 150,000 and 250,000 new cases 
of hepatitis in the United States each year. Hemophiliacs and 
drug abusers are at the greatest risk, but anyone can contract 
the disease. Transmission often occurs through a blood 
transfusion, administration of blood products that were 
contaminated with hepatitis C, or by sharing needles with 
intravenous drug users that were infected with the virus. At 
present, there is no vaccine to prevent HCV infection in 
humans. 

SUMMARY OF THE INVENTION 

The invention provides compositions containing HCV 
epitopes, which are recognized by cytotoxic T lymphocytes 
(CTL). Such polypeptides are used in prophylactic vaccines, 
immunotherapies, and assays to monitor the progress or 
Success of immune interventions. The compositions are 
optimized to elicit an immune response in a genetically 
diverse population of individuals. For example, the compo 
sition contains a mixture of HCV peptide epitopes and each 
individual epitope preferentially binds to specific HLA class 
I molecule. The mixture is optimized for a given population 
pool, because the peptides are chosen based on the preva 
lence or frequency of HLA class I expression in a target 
population. For example, HLA-A2 is a frequently expressed 
allele in Caucasian populations, but not in non-Caucasian 
populations. The HLA profiles of various populations is 
known. Despite its frequency in Caucasian populations, a 
minority of HLA-A2 positive individuals has detectable 
HCV-specific CD8+ T cell responses in PBMC towards 
previously described HLA-A2 epitopes. 

Accordingly, the invention provides an immunogenic 
composition containing a plurality, e.g., at least two, of 
immunodominant Hepatitis C Virus (HCV) polypeptides, 
which bind to a plurality of HLA class I molecules. For 
example, the composition contains a mixture of 2, 3, 4, 5, 10. 
20, or more peptides, each of which have been previously 
determined to bind to a particular HLA class I molecule and 
stimulate an HCV-specific CTL response. The mixture of 
CTL-stimulatory HCV peptide epitopes binds to a spectrum 
of HLA class I molecules which are expressed in a majority 
of the individuals in a target population. Preferably, the 
peptide does not bind to HLA-A2. At least one polypeptide 
of the mixture binds to an HLA-A class I molecule, and least 
one polypeptide binds to an HLA-B or HLA-C class I 
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2 
molecule. At least one polypeptide binds to an HLA class I 
molecule selected from the group consisting of Cw7, A1, 
and B55. The spectrum of HLA binding of the peptides is 
such that the mixture of peptides binds to HLA alleles 
expressed in at least 85%, more preferably 95%, more 
preferably 98%, more preferably 99%, and most preferably 
Substantially all individuals in a target population. A target 
population is identified by a defined set of parameters, e.g., 
geographic location, ethnicity, age, sex, or race. 
The peptides are optimized for size as well as HLA 

binding. The peptide is as small as possible while still 
maintaining the immune stimulatory activity of a large 
peptide from which it was derived. By immune stimulatory 
activity is meant the ability to bind an appropriate MHC 
molecule and induce an antigen specific cytotoxic T lym 
phocyte response. By a cytotoxic T lymphocyte response is 
meant a CD8+ T lymphocyte response specific for an 
antigen of interest. Active or stimulated CTLs secrete lym 
phokines (e.g., interferon-Y) and/or liberate products (e.g., 
serine esterases) that inhibit viral replication in infected 
autologous cells or transfected cells, with or without cell 
killing. 

Preferably, the peptides are less than 50 amino acids in 
length and contain the amino acid sequence of one or more 
of the following reference sequences: SEQ ID NO:42, 43, 
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, or 58. 
For example, the peptide consists essentially of one or more 
of the amino acid sequences listed above. 

Optimized peptide epitopes include peptides which con 
tain the following amino acid sequences: DYPYRLWHY 
(SEQ ID NO:42), HCV E2 protein and binds to HLA Cw7: 
ATDALMTGY (SEQ ID NO:45), HCV NS3 protein and 
binds to HLA A1: QPEKGGRKPA (SEQ ID NO:47), HCV 
NS5B protein and binds to HLA B55; and SPGEINRVAA, 
(SEQ ID NO:48), HCV NS5B protein and binds to HLA 
B55. Preferably, the epitope binds to HLA-A1, e.g., a peptide 
containing the amino acid sequence of SEQ ID NO:45. 

Other useful immunogenic compositions include those 
which contain polypeptides containing the amino acid 
sequence of SEQ ID NO:19, 50, 51, 52, 53, 54, 55, 56, 57, 
and/or 58. The HCV proteins, amino acid coordinates, 
amino acid sequence, and HLA restriction is provided in 
Table 9. Preferably, the epitope binds to HLA B35, e.g., a 
peptide containing the amino acid sequence of SEQ ID 
NO:49, 55 or 57. 
The peptide is a chain of at least four HCV amino acid 

sequence residues, preferably at least six, more preferably 
eight or nine, sometimes ten to twelve residues, and usually 
fewer than about fifty residues, more usually fewer than 
about thirty-five, and preferably fewer than twenty-five, e.g., 
eight to seventeen amino acid residues. The sequence is 
homologous to a corresponding portion of contiguous resi 
dues of an HCV protein and contains a CTL-inducing 
epitope. Preferably, the amino acid sequence of each 
polypeptide contains at least 8 contiguous amino acids of a 
naturally-occurring HCV protein region selected from the 
group consisting of Core, E, NS3, NS4, and NS5. For 
example, the peptide contains at least 8 contiguous amino 
acids of an HCV E2, NS3, NS5A, NS5B, or P7 protein. Such 
peptides and peptide mixtures are useful as vaccines or in 
immunotherapy approaches for viral infections. A preferred 
length is 8–10 or 8–12 amino acids. 
The polypeptides and nucleic acids described herein for 

vaccines or vaccine development are Substantially pure. By 
a Substantially pure polypeptide is meant a polypeptide, 
which is separated from those components (proteins and 
other naturally-occurring organic molecules) which natu 
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rally accompany it. A polypeptide is Substantially pure when 
it constitutes at least 60%, by weight, of the protein in the 
preparation. Preferably, the protein in the preparation is at 
least 75%, more preferably at least 90%, and most prefer 
ably at least 99%, by weight, of the desired peptide. A 
Substantially pure polypeptide is obtained, e.g., by extraction 
from a natural source: by expression of a recombinant 
nucleic acid; or by chemically synthesizing the protein. 
Purity is measured by a number appropriate methods known 
in the art, e.g., column chromatography, polyacrylamide gel 
electrophoresis, or HPLC analysis. A protein is substantially 
free of naturally associated components when it is separated 
from those contaminants which accompany it in its natural 
state. Thus, a protein which is chemically synthesized or 
produced in a cellular system different from the cell from 
which it naturally originates will be substantially free from 
its naturally associated components. 

In addition to peptides, the invention encompasses nucleic 
acids, e.g., oligonucleotides, which encode the immuno 
genic HCV peptide epitopes. The nucleic acids, e.g., DNA or 
RNA, are substantially pure. By substantially pure DNA is 
meant DNA that is free of the genes which, in the naturally 
occurring genome of the organism from which the DNA of 
the invention is derived, flank the desired gene sequence. 
The term therefore includes, for example, a recombinant 
DNA which is incorporated into a vector, into an autono 
mously replicating plasmid or virus, or into the genomic 
DNA of a prokaryote or eukaryote at a site other than its 
natural site; or which exists as a separate molecule (e.g., a 
cDNA or a genomic or cDNA fragment produced by PCR or 
restriction endonuclease digestion) independent of other 
sequences. 
A method of inducing a cytotoxic T cell immune response 

is carried out by contacting a CTL with an immunogenic 
HCV peptide epitope to stimulate the CTL to produce 
cytokines and/or kill a virally-infected cell. The CTL or 
heterogenous population of cells containing a CTL, e.g., 
peripheral blood mononuclear cells (PBMC), are contacted 
with peptide ex vivo or in vivo. For vaccine purposes, the 
peptide epitope or mixture of peptide epitopes is previously 
determined, and the peptide and mixture is administered to 
a wide range of individuals prior to a known exposure to a 
viral pathogen. For immunotherapeutic approaches, each 
individual, e.g., a virally-infected patient, may be tested to 
identify strongly immunogenic HCV epitopes, thereby cus 
tomizing the peptide or mixture of peptides to be adminis 
tered for the purpose of reducing an existing infection. For 
example, PBMC from a chronically-infected individual are 
contacted with a peptide matrix representing all HCV pro 
teins to identify immunogenic HCV epitopes for the 
patient's HLA type, thereby yielding a customized immu 
nogenic composition. Following identification of epitopes, a 
customized immunogenic is administered to the patient in 
vivo or to the patient’s immune cells ex vivo. 
The invention also encompasses preferentially stimulat 

ing an early memory HCV specific CD8+ T-cell response. 
For example, the method preferentially induces proliferation 
of T cells with the following phenotype: double positive for 
CD27 and CD28, and low in CD45RA. The phenotype is 
further characterized as being CCR7 positive; preferably, the 
phenotype is characterized by high expression of CCR7 
compared to unstimulated cells. Accordingly, the method 
includes a step of contacting a population of T cells with one 
or more of the peptide antigens described above to increase 
proliferation of an early memory HCV specific CD8+ T cell. 
For example, a method of stimulating an HCV-specific 
immune response is carried out by administering to a 
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4 
mammal an immunogen comprising a peptide epitope 
selected from the group consisting of SEQ ID NO: 42, 43, 
44, 45,46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, and 58. 
The method leads to an increase in the number (or the level 
of proliferation) of HCV-specific early memory CD8+ T 
cells compared to that prior to administration of the immu 
nogen. 
The method also includes a method for measuring an 

immune response in a patient, e.g., for the purpose of 
monitoring the Success of immune interventions. The 
method is carried out by providing a sample of cytotoxic T 
lymphocyte effector cells from a patient, e.g., patient who 
has been previously immunized with an HCV polypeptide; 
providing HLA class I matched detectably-labelled target 
cells, e.g., target cells are labeled with 'Cr and are have 
been pulsed with an HCV polypeptide; allowing the effector 
cells and target cells to come into contact, e.g., in culture; 
and determining the amount of label released by the target 
cells. An increase in the amount of label released compared 
to a control value indicates the presence of an HCV-specific 
immune response in said patient. A control value is a value 
obtained from testing the patient prior to administration of a 
vaccine peptide or a value obtained from a pool of unin 
fected or unstimulated individuals. 
The peptides are prepared synthetically or by recombinant 

DNA technology. The term peptide is used interchangeably 
with polypeptide in the present specification to designate a 
series of amino acids connected one to the other by peptide 
bonds between the alpha-amino and alpha-carboxy groups 
of adjacent amino acids. Optionally, one or more peptide 
bonds are replaced with an alternative type of covalent bond 
(a "peptide mimetic') which is not susceptible to cleavage 
by peptidases. Where proteolytic degradation of the peptides 
following injection into the Subject is a problem, replace 
ment of a particularly sensitive peptide bond with a non 
cleavable peptide mimetic yields a peptide mimetic, which 
is more stable and thus more useful as a therapeutic. Such 
mimetics, and methods of incorporating them into peptides, 
are well known in the art. Similarly, the replacement of an 
L-amino acid residue is a standard way of rendering the 
peptide less sensitive to proteolysis. Also useful are amino 
terminal blocking groups such as t-butyloxycarbonyl, acetyl, 
theyl, Succinyl, methoxysuccinyl, Suberyl, adipyl, aZelayl, 
dansyl, benzyloxycarbonyl, fluorenylmethoxycarbonyl, 
methoxyaZelayl, methoxyadipyl, methoxy Suberyl, and 2.4- 
dinitrophenyl. The polypeptides or peptides are either in 
their neutral (uncharged) forms or in forms, which are salts, 
and either free of modifications such as glycosylation, side 
chain oxidation, or phosphorylation or containing these 
modifications, Subject to the condition that the modification 
not destroy the immune stimulatory activity of the polypep 
tides. 

Derivative peptide epitopes have an amino acid sequence, 
which differs from the amino acid sequence of a naturally 
occurring HCV peptide. Such derivative peptides have at 
least 50% identity compared to a reference sequence of 
amino acids, e.g., a naturally-occurring HCV peptide. Pref 
erably, a derivative is 90, 95, 98, or 99% identical to a 
naturally-occurring HCV protein sequence. The derivative 
contains a conservative amino acid Substitution. By conser 
Vative Substitutions is meant replacing an amino acid residue 
with another which is biologically and/or chemically similar, 
e.g., one hydrophobic residue for another, or one polar 
residue for another. The substitutions include combinations 
such as Gly, Ala; Val, Ile, Leu: Asp, Glu; ASn, Gln: Ser, Thr: 
LyS, Arg; and Phe, Tyr. Nucleotide and amino acid com 
parisons described herein are carried out using the Laser 
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gene software package (DNASTAR, Inc., Madison, Wis.). 
The MegAlign module used is the Clustal V method (Hig 
gins et al., 1989, CABIOS 5(2):151-153). The parameter 
used is gap penalty 10, gap length penalty 10. 

Other embodiments and features of the invention will be 
apparent from the following description thereof, and from 
the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a bar graph showing the magnitude and breadth 
of the HCV-specific CD8+ T cell responses using HLA A2 
restricted peptides in an Elispot assay. 

FIGS. 1 B–G are a series of histograms showing the results 
of a tetramer analysis as shown for an exemplary Subject, 
subject P6 (shown in FIG. 1A). 

FIG. 1H is a line graph showing a correlation between 
data derived from an Elispot assay and a tetramer assay. 

FIG. 2 is a bar graph showing the results of a screening 
Elispot assay using overlapping 20mer peptides to detect 
HCV-specific epitopes. 

FIGS. 3A-B are histograms showing the results of an 
intracellular cytokine staining (ICS) assay using PBMC. 

FIGS. 3C-G are histograms showing the results of an ICS 
assay showing that peptide 951–970 was presented by HLA 
B37. 

FIG. 3H is a photograph of the results of an Elispot assay 
defining a minimal epitope of peptide 951–970. 

FIG. 3I is a bar graph showing that a T-cell line specific 
for peptide 951–970 was also capable of mediating specific 
cytotoxic activity against autologous peptide pulsed B-cells. 

FIG. 4 is a bar graph showing the results of an analysis of 
the HCV-specific CD8+ T cell response. Elispot responses 
against previously described HLA-A2 restricted epitopes are 
shown as white bars, those against previously described 
non-HLA-A2 restricted epitopes are shown as black bars 
and novel responses as grey bars. 

FIGS. 5A-H are a series of histograms showing the 
results of a tetramer analysis before and after stimulation of 
PBMC with peptides representing HCV epitopes. In subject 
P14, only one of four tetramers (NS3 1073) tested positive 
directly ex vivo. After 9 days of stimulation with the four 
respective peptides, 3 of four tetramers tested positive, with 
frequencies up to 30% of CD8+ T cells. 

FIG. 6A is a bar graph showing HCV-specific CD8+ T-cell 
responses from a representative patient. Using an ELISpot 
matrix spanning, the entire HCV genome was comprehen 
sively mapped. The strength and specificity of the HCV 
specific CD8+ T-cell response was determined for each 
individual. Responses in a representative patient R5 is 
shown in FIG. 6A. The epitopes targeted are plotted beneath 
the corresponding position in the HCV genome map and the 
magnitude of the response (SFC-spot forming cells) is 
given. Subject R5 targeted 6 different epitopes, one located 
in E1, one in NS3, two in NS4 and two in NS5. 

FIGS. 6B-C are dot plots showing a CD8+ T-cell 
response directed against peptide 174D. Strong responses, 
such as the one directed against the peptide 174 D could be 
confirmed in a direct ex-vivo ICS. An irrelevant peptide was 
used as a control (FIG. 6C) in the same assay. 

FIG. 6D is a dot plot showing responses using a peptide 
specific T-cell line (following a single round of peptide 
stimulation) to confirm that T cell responses were CD8+. 

FIG. 6E is a bar graph showing a definition of the HLA 
restriction of the epitope using partially HLA matched and 
mismatched heterologous B cell lines. 
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6 
FIGS. 7A-G are dot plots showing an ex vivo HCV 

tetramer response. Tetramers were custom synthesized for 7 
different HCV epitopes, restricted by 4 different HLA alleles 
and cells were stained ex vivo. The percentage of tetramer+ 
cells/total CD8+ cells is given in the upper right panel of 
each dot plot. Even for responses with a low frequency, 
clouds large enough for phenotyping were generated 
through the acquisition of large quantities of blood at the 
time of donation. 

FIGS. 8A-F are dot plots showing that HCV-specific 
CD8+ T-cells can proliferate and lyse target cells in vitro. 
HCV-specific CD8+ T-cells from subjects with resolved as 
well as chronic infection were expanded upon 10–14 days 
following a single round of peptide stimulation. The % of 
IFN-y+ cells/total cells following expansion is given in the 
upper right panel of each dot plot. The percentage of IFN-y+ 
cells detected using the same epitope in the ex vivo ELISpot 
is given in parenthesis. 

FIGS. 8G-L are bar graphs showing that the cell lines 
specifically lysed peptide pulsed targets in a standard 4 hour 
chromium release assay at an effector: target ratio 30:1. 

FIGS. 9A-B are bar graphs showing a distribution of 
HCV epitopes and frequency of recognition. Targeted 
epitopes within the HCV genome (corresponding to the 
given HCV genome map above) are shown for individuals 
with resolved (FIG. 9A) and chronic (FIG. 9B) infection. 
Each bar represents a distinct epitope and the number of 
Subjects targeting each epitope is indicated through the 
length of the bar. The % above each bar gives the proportion 
of individuals responding to that epitope/total number of 
individuals with the same HLA restriction for that epitope 
(in cases where the HLA restriction of the response is 
known). Previously described HLA restriction elements 
targeting HCV epitopes (corresponding to the position in the 
genome map above) that were not recognized in this study 
by any subject is given below the y axis. The number of 
subjects in this study with that HLA restriction is given in 
parenthesis. 

FIGS. 10A-B are scatter plot diagrams showing compari 
sons of the strength and breadth of the HCV-specific CD8+ 
T-cell response. In each individual, the Summation of spot 
forming cells (SFC) for all epitopes targeted by that indi 
vidual (FIG. 10A), the number of epitopes targeted by each 
individual (FIG. 10B). Open squares and closed triangles 
represent individuals with chronic and resolved infection, 
respectively. 

FIGS. 11 A-L are dot plots showing the phenotype of 
HCV-specific CD8+ T cells. Surface expression pattern of 
HCV-specific CD8+ T-cells was analyzed using antibodies 
for CD45RA, CD27, CD28 and CCR7 and is shown for 3 
epitopes in 2 representative patients (C2 and R3). The panels 
on the left show the expression of CD27 and CD28 within 
the total CD8+ T-cell population and the tetramer positive 
cells alone. The panels on the right show CD45 RA and 
CCR7 expression in the tetramer + and - populations. The 
two upper rows are representative examples for the pheno 
type seen in both chronic and resolved subjects. In contrast, 
the lower row shows the staining for a unique response in a 
single patient with a distinct phenotype. The middle and 
lower row are different epitopes recognized by the same 
individual with resolved infection. 

FIG. 11M is a scatter plot diagram showing an analysis of 
phenotypic marker expression across all tetramer responses 
analyzable. Open squares and closed triangles represent 
individuals with chronic and resolved infection, respec 
tively. There were no significant differences between the two 
groups. 
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FIG. 12 is a line graph showing a plot of tetramer + T-cells 
and IFN-y secretion. The number of tetramer positive cells 
was correlated with the number of IFN-Y producing specific 
cells as detected in the ELISpot assay ex vivo (SFC-spot 
forming cells). The number of IFN-y secreting cells was 
universally lower, representing about 10% of tetramer posi 
tive cells in individuals with both resolved and chronic 
infection. 

DETAILED DESCRIPTION 

The HCV-specific CD8+ T-cell response plays a critical 
role in protecting against and combating hepatitis C-Virus 
infection. Prior to the invention, studies of these responses 
relied on the analysis of a small number of predicted HCV 
epitopes, mostly restricted by HLA-A2. In order to determine 
the actual breadth and magnitude of CD8+ T-cell responses 
in the context of diverse HLA class I alleles, a comprehen 
sive analysis of responses to all expressed HCV proteins was 
carried out. A panel of 301 overlapping peptides was used to 
analyze PBMC from a cohort of 14 anti-HCV positive, HLA 
A2 positive individuals in an Elispot assay. Only 4 subjects 
had detectable HLA A2 restricted responses in PBMC, and 
only 3 of 19 predicted A2 epitopes were targeted, all of 
which were confirmed by tetramer analysis. In contrast, 9 of 
14 persons had responses by more comprehensive analysis, 
with many responses directed against previously unreported 
epitopes. These results indicate that circulating HCV-spe 
cific CD8+ T-cell responses were detected in PBMC in the 
majority of infected persons, and that these responses are 
heterogeneous with no immunodominant epitopes being 
consistently recognized. As responses to epitopes restricted 
by single HLA alleles such as HLA A2 do not predict the 
overall response in an individual, more comprehensive 
approaches, as reported herein, define the role of the CD8+ 
T-cell response in HCV infection. The low level or absence 
of responses to many predicted epitopes provides rationale 
for immunnotherapeutic interventions to broaden CTL rec 
ognition. 

HCV-specific Immune Responses 
The immune system of some individuals is able to ter 

minate infection with the hepatitis C virus. The response is 
mediated by HCV-specific cytotoxic T cells. An important 
feature of prophylactic HCV vaccines or immunobased 
therapies described herein is the induction of such HCV 
specific CTL. 
CTL recognize small regions of HCV (typically 8–10 

amino acids long), called CTL epitopes. The recognition is 
also dependant on the expression of certain molecules (HLA 
class I). Individuals have each a different set of HLA alleles, 
and only persons who express the HLA allele by which a 
specific epitope is restricted will be able to develop a CTL 
response targeting it. Vaccines and other immunobased 
therapies must be effective in a genetically heterogeneous 
population. Unlike previous vaccines and immunobased 
therapies, the epitopes described herein elicit CTL responses 
restricted by broad range of HLA alleles as possible. To this 
end, detailed knowledge of the exact length and sequence of 
HCV epitopes and of their HLA restriction is necessary as 
the basis for the development of HCV vaccines and immu 
notherapies and for the development of assays to measure 
the Success of these interventions. 

So far, only a limited number of HCV epitopes have been 
described in detail, with the majority being presented by the 
HLA A2 molecule. This HLA allele is only present in a 
minority of individuals in the US and worldwide. Therefore 
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the previously defined epitopes fail to induce an immune 
response in most people. More epitopes restricted by broad 
range HLA alleles expressed in a target population need to 
be defined in order to generate vaccines or other immuno 
based therapies which are applicable to a broad range of 
infected individuals or individuals at risk of developing an 
HCV infection. The compositions described herein contain 
peptides, which bind to a variety of HLA class I molecules, 
which are expressed and well represented in many popula 
tions or are optimized for administration to a defined target 
population. 

Therapeutic Administration 
Polypeptides (or nucleic acids encoding the peptides) 

described herein are useful to induce HCV-specific CTL for 
the purpose of preventing infection or combating an existing 
infection. When a peptide is used as a vaccine, it is admin 
istered to a patient in the form of a peptide solution in a 
pharmaceutically acceptable carrier. Standard methods for 
delivery of peptides are used, e.g., for intracellular delivery, 
the peptides are packaged in liposomes. Such methods are 
well known to those of ordinary skill in the art. The peptides 
are administered at an intravenous dosage of approximately 
1 to 100 umoles of the polypeptide per kg of body weight per 
day. The compositions of the invention are useful for 
parenteral administration, such as intravenous, Subcutane 
ous, intramuscular, and intraperitoneal. For example, a unit 
dose of the peptide ranges from 0.1 to 100 mg, which may 
be administered at one time or repeatedly to a patient. A 
plurality of peptides are optionally administered together 
(simultaneously or sequentially). The peptides in the mix 
ture bind to different HLA class I molecules to yield a 
vaccine that elicits a CTL response in the majority of 
individuals in a genetically diverse population. 

Peptides are recombinantly produced or synthetically 
made using known methods. Peptide solutions are optionally 
lyophilized or granulated with a vehicle such as sugar. When 
the compositions are administered by injection, they are 
dissolved in distilled water or another pharmaceutically 
acceptable excipient prior to the injection. The peptides are 
used to induce a HCV-specific CTL response in vivo or ex 
vivo. The peptides are administered directly to an individual 
or lymphocytes (e.g., derived from peripheral blood mono 
nuclear cells) are removed from an individual, cultured with 
one or more peptides, and returned to the individual. For 
example, 0.01 to 1 mg of the peptide is added to 10 to 10 
peripheral blood lymphocytes obtained from a patient, then 
the cells are cultivated for several hours to one day. The cells 
are then introduced back into the patient. In such ex vivo 
therapy, cell stimulation is performed outside the body. For 
example, lymphocytes or other target cells are removed from 
a patient and contacted with immunogenic peptides, provid 
ing a stimulatory concentration of peptide in the cell 
medium far in excess of levels which could be accomplished 
or tolerated by the patient. Following treatment to stimulate 
the CTLs, the cells are returned to the host to treat a viral 
infection. The host’s cells may also be exposed to vectors 
which carry nucleic acids encoding the peptides. The ex vivo 
stimulated cells are returned to the patient after reaching a 
predetermined cell density. 

Alternatively, the cells are continuously cultivated in vitro 
in a culture medium to which recombinant interleukin 2 and 
1 ug/ml of the peptide has been added. The cells are cultured 
over several hours, days, or several weeks to induce CTL. 
Activated CTL are then intravenously injected into the 
patient. 
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DNA encoding a peptide epitope may also be adminis 
tered, e.g., by incorporating the DNA into a viral vector. 
Nucleic acids are administered using known methods, e.g., 
intravenously, at a dose of approximately 10° to 10° copies 
of the nucleic acid molecule. 
A pharmaceutical composition contains a pharmaceuti 

cally-acceptable excipient and optionally contains a compo 
sition, which primes CTL, e.g., a lipid such as tripalmitoyl 
S-glycerylcysteinly-seryl-serine. The concentration of CTL 
stimulatory peptides ranges from less than about 0.1%–1% 
to as much as 20 to 50% or more by weight, depending on 
mode of administration selected. Dosage determination and 
excipient choice is well within the skill of those practicing 
in the art of medicine and pharmaceuticals. 

Vaccine compositions containing immunodominant CTL 
stimulatory peptides are administered to a patient Suscep 
tible to or otherwise at risk of HCV infection to enhance the 
patient’s own immune response capabilities. An immune 
stimulatory dose is one that increases the level of antigen 
specific immunity compared to the level prior to immuni 
Zation. For example, peptides are administered at a dose of 
1.0 ug to about 500 mg per 70 kilogram patient, more 
commonly from about 50 ug to about 200 mg per 70 kg of 
body weight. The peptides are administered to individuals of 
an appropriate HLA type. Alternatively, a mixture of pep 
tides is administered. Individual peptides bind to a specific 
HLA class I molecules; however, the binding specificity of 
the mixture encompasses several frequently expressed hap 
lotypes to ensure a broad CTL response in a diverse popu 
lation of individuals. 

Breadth and Specificity of HCV-specific CD8+ T Cell 
Immunity 

HCV-specific CTL responses against selected HLA-A2 
restricted epitopes are not indicative of the total response. 
Accordingly, a comprehensive analysis of all HCV proteins 
was undertaken to examine the breadth and specificity of 
CD8+ T cell responses against HCV. An Elispot assay was 
used to determine the recognition of a panel of peptides 
spanning all expressed HCV proteins. The relative contri 
bution of HLA A2 and non-HLA A2 alleles in presenting 
viral proteins for recognition by CD8+ T cells was evalu 
ated. The overall magnitude and breadth of HCV-specific 
responses was determined using PBMC taken from HCV 
infected individuals. 

14 anti-HCV positive individuals were selected for study 
based on expression of the HLA A2 allele (Table 1). 

TABLE 1. 

SUBJECT DISEASE RNA HCV GT HLA 

PO Resolved neg. ND A2, 25 B37, 
HCV 44 Cw5, 6 

P1 acute HCV >1000000 1b A1, 2 B8, 
44 Cw5, 7 

P2 acute HCV 599,000 1b A1, 2 B40, 
57 Cw7, 15 

P3 Resolved neg ND A2, 29 B44. Cw16 
HCV 

P4 Resolved neg ND A2, 3 B7, 60 Cw7 
HCV 

P5 chronic 357,169 2 A2, 11 B55, 
HCV 62 Cw1, 9 

P6 chronic 7,718 2ac A1, 2 B37, 
HCV 44 Cw5, 6 

P7 chronic 67,051 1a A1, 2 B8, 
HCV 55 Cw3, 7 

P8 chronic 456,490 2b A2, 29 B18, 
HCV 40 Cw3, 5 
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TABLE 1-continued 

SUBJECT DISEASE RNA HCV GT HLA 

P9 chronic 33,637 2b A2, 3 B39, 
HCV 44 Cw7, 16 

P10 chronic 506.420 1b A2, 32, B40 Cw3 
HCV 

P11 chronic 1,213,300 3a A2, 29 B44, 
HCV 50 Cw4, 16 

P12 chronic 996,000 1a A1, 2 B8, 44 Cw 1 
HCV 

P13 chronic >1,000,000 1a A2, 24 B8, 
HCV 41 Cw7, 17 

P14 chronic 159,320 2b A1, 2 B7, 8 Cw7 
HCV 

Alleles for which optimal epitopes were tested are in bold 
letters 
One additional subject (PO) had been previously studied 

and shown to have CTL responses by limiting dilution 
cloning. This person had acute HCV infection in 1998 
followed by spontaneous clearance of the virus. Contempo 
rary samples were used for comparative assessment of 
immune responses using overlapping peptides. HLA typing 
of each individual was performed using standard serological 
and molecular techniques. HCV epitopes were evaluated as 
follows. 

Synthetic peptides were made using standard methods. 
The peptide sequences correspond to the HCV 1a subtype. 
Polypeptides were synthesized as COOH-terminal free acids 
on a Synergy 432A peptide synthesizer (Applied Biosys 
tems, Foster City, Calif.). Peptides were 20 amino acids in 
length, overlapping adjacent peptides by 10 amino acids. 
Fine mapping was achieved using additional Smaller pep 
tides. All peptides were reconstituted in sterile RPMI 1640 
medium containing 10% dimethylsulfoxide (Sigma Chemi 
cal Co.) and 1 mM dithiothreitol (Sigma Chemical Co.). 

Elispot assays were carried out using known methods. For 
example, 96-well polyvinylidene plates (Millipore) were 
coated with 2.5 g/ml recombinant human anti-IFN-Y anti 
body (Endogen) in PBS at 4°C. overnight. Fresh or previ 
ously frozen PBMC were added at 200,000 cells/well in 140 
ul R10 medium (RPMI 1640 Sigma-Aldrich), 10% FCS 
Sigma-Aldrich, and 10 mM Hepes buffer Sigma-Aldrich 
with 2 mM glutamine and antibiotics 50 U/ml penicillin 
streptomycin). Peptides were added directly to the wells at 
a final concentration of 10 g/ml. The plates were incubated 
for 18 hours at 37° C., 5% CO. Plates were then washed, 
labeled with 0.25 ug/ml biotin-labeled anti IFN-Y (En 
dogen), and developed by incubation with Streptavidin 
alkaline phophatase (Bio-Rad) followed by incubation with 
BCIP/NBT (Bio-Rad) in Tris-buffer (pH 9.5). The reaction 
was stopped by washing with tap water and the plates were 
dried overnight, prior to counting on an Elispot reader (AID, 
Strassberg, Germany). The background was always below 
15 spot-forming cells (SFC)/10 PBMC. Responses were 
considered positive if the number of spots per well minus the 
background was at least 25 SFC/10 PBMC, PHA served as 
a positive control. 
HLA class I-peptide tetramer staining of cells was carried 

out as follows. HLA class I-peptide tetramers were prepared 
using known methods, e.g., the method described by Lech 
ner et al., 2000, J. Exp. Med. 191: 1499–1512. The following 
tetramers were prepared for analysis: tetramers specific for 
6 epitopes restricted by HLA-A2 (core peptide 35-44. 
YLLPRRGPRL (SEQ ID NO:1); NS3 peptide 1073-1081, 
CINGVWCTV (SEQ ID NO: 8); NS4 peptide 1406–1415, 
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KLVALGINAV (SEQID NO:11): NS4 peptide 1807–1816, 
LLFNILGGWV (SEQID NO:13): NS4 peptide 1851-1859, 
ILAGYGAGV (SEQID NO:14); NS5B peptide 2594 2602, 
ALYDVVTKL (SEQ ID NO:18). 0.5 to 1 million PBMC 
were stained using known methods, e.g., the method 
described by Gruener et al., 2001 J. Virol. 5550–5558. Flow 
cytometric analysis was performed with a Becton Dickinson 
FACSCalibur fluorescence-activated cell sorter, and data 
analysis was performed with CellOuest software. Staining 
was considered positive if tetramer-positive cells formed a 
cluster distinct from the tetramer negative cells and the 
frequency of tetramer positive cells was greater than 0.02% 
of the total CD8+ population. 

Intracellular cytokine staining (ICS) for interferon-Y was 
performed using methods known in the art, e.g., the method 
described by Altfeld, 2001, J. Immunol. 167:2743–2752. 
1x10 PBMC were incubated with 4 uM peptide and anti 
CD28 and anti-CD49d MAbs (1 lug/ml each; Becton Dick 
inson) at 37° C. The cells were cultured in a 5% CO, 
incubator for 1 h before the addition of Brefeldin A (1 ul/ml; 
Sigma-Aldrich). The cells were then incubated for an addi 
tional 5 h at 37° C. and 5% CO. PBMC were washed and 
stained with Surface antibodies, antigen-presenting cell 
conjugated anti-CD3 and phycoerythrin-conjugated anti 
CD8 (Becton Dickinson) at room temperature for 20 min. 
Following the washing, the PBMC were fixed and perme 
abilized (Caltag, Burlingame, Calif.), and the fluorescein 
isothiocyanate-conjugated anti-IFN-Y MAb (Becton Dickin 
son) was added. Cells were then washed and analyzed on a 
FACS-Calibur flow cytometer using CELLOuest software 
(Becton Dickinson). For HLA restriction, partially HLA 
matched heterologous BCL were pulsed with 10 ug of 
peptide for an hour, washed three times with R10, and then 
2x10 the BCL were added to the T-cell line instead of 
peptide. 

Peripheral blood mononuclear cells were stimulated in 
bulk. For establishing CTL lines, cryopreserved or fresh 
PBMC (4-10x10) were stimulated with 1 ug/ml of syn 
thetic HCV peptide and 0.5 lug/ml of the costimulatory 
antibodies anti-CD28 and anti-CD49d (Becton Dickinson) 
in R-10. Irradiated feeder cells (20x10 allogeneic PBMC) 
were added to the culture in a 25-cm culture flask (Costar, 
Cambridge, Mass.). Recombinant interleukin-2 (25 U/ml) 
was added on day 2 and twice a week thereafter. Expansion 
of peptide-specific cells for tetramer staining was done by 
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culturing 5x10 PBMC pulsed with 10 g of each of four 
peptides for 8 or 9 days in R-10 containing 25 U/ml 
interleukin-2. 
Once a peptide epitope has been identified, the HLA 

restriction element of the response is determined using 
standard methods. For example, the method involves incu 
bating the stimulated PBMC or short term cell lines thereof 
with a panel of (labeled) target cells of known HLA types 
which have been pulsed with the peptide of interest, or 
appropriate controls. The HLA allele(s) of cells in the panel 
which are lysed by the CTL are compared to cells not lysed, 
and the HLA restriction element(s) for the cytotoxic T 
lymphocyte response to the antigen of interest is identified. 

Standard cytotoxicity assays were carried out as follows. 
Autologous B-LCL were pulsed with 10 ug of peptide and 
NA, CrO (New England Nuclear, Boston, Mass.), and 
incubated for one hour at 37° C. in 5% CO. The B-LCL 
target cells were washed three times with cold R-10 medium 
and incubated with effector cells at 37° C. for 4 h in three 
replicate wells. Cellular release of CrO into the super 
natant was measured using a Top Count Microplate Scintil 
lation counter (Packard Instrument Company, Meriden, 
Conn.), and the percent specific cytotoxicity was calculated 
by the formula 96 lysis (experimental release-spontaneous 
release)/(maximum release-spontaneous release)x100. 
Results were reported as the mean of triplicate values. 

Statistical analysis (Mann-Whitney rank sum test and 
correlation coefficient) was performed using GraphPad 
Prism(R) 3.0a for Macintosh. 

A Minority of HLA-A2 Positive Individuals has Detectable 
HCV-specific CD8+ T Cell Responses in PBMC Towards 
Previously Described HLA-A2 Epitopes 
An HCV-specific CD8+ response against HLA A2 

epitopes was analyzed. A cohort of 14 anti-HCV positive 
individuals who expressed the class I allele A2 were exam 
ined to determine the relative frequency of responses to 
reported and predicted epitopes restricted through this com 
mon HLA allele. Initially, 19 peptides representing all 
previously reported HCV-specific, HLA-A2 restricted 
epitopes, were used (Table 2). Epitopes for which the HLA 
restriction and the optimal peptide have been defined using 
T cell clones (by testing partially HLA matched BCL and 
shorter and longer peptides in dilution rows) indicated with 
an asterisk. 

TABLE 2 

Tested HCV epitopes 

HLA prolin a.a. SEQUENCE SEQ ID NO : 

A2 Core 35-44 YLLPRRGPRL 1 

A2 Core 132-14 O DLMGYIPLW 2 

A2 Core 178-187 LLALLSCLTW 3 

A2 E1 220-227 ILHTPGCW 4 

A2 E1 257-266 QLRRHIDLLV 5 

A2 E1 363-371. SMIWGNWAKW 6 

A2 E2 401-411 SLLAPGAKQNW 7 

A2 NS3 1073-1081 CNGWCWTW 8k 

A2 NS3 11 69-1177 LLCPAGHAW 9 
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TABLE 2-continued 

Tested HCV epitopes 

HLA profen a.a. SEQUENCE SEQ ID NO : 

A2 NS3 1287-1296 GAPWTYSTY O 

A2 NS3 1 4 0 6-1415 KLWALGINAW 1k 

A2 NS 4B 1789-1797 SLMAFTAAW 2 

A2 NS 4B 1807-1816 LLFNILGGWW 3 

A2 NS 4B 1851-1859 ILAGYGAGW 4 

A2 NSSA 2221-2231. SPDAELIEANL 5k 

A2 NS5A 2252-2260 ILDSFDPLW 6 

A2 NSSB 257-25 86 RLIWFPDILGW 7 

A2 NS5B 2594-26 O2 ALYDWWTKL 8k 

A2 NS5B 2727-27.35 GLQDCTMLV 9 

A3 NSSB 251.0-25 18 SLTPPHSAK 2Ok 

A3 NS5B 2588-2596 RWCEKMALY 21 k 

A11 CORE 1-9 MSTNPKPOK 22 k 

A11 E2 621-628 TNYTIFK 23k 

A11 NS3 1261-1270 TILGFGAYMSK 24k 

A11 NS3 1636-1643 TLTHPWTK 25k 

A24 NS3 1031-1039 AYSQQTRGL 26 k 

A29 NS2 827-834. MALTLSPY 27 

B7 Core 41-49 GPRLGWRAT 28k 

B7 Core 110-118 DPRRRSRNL 29 

B8 NS3 1395-1403 HSKKKCDEL 30k 

B8 NS3 1611-1618 LIRLKPTL 31 k 

B37 NS2 957-964 RDWAHNGL 32k 

B37 NS 4B 1966-1976 SECTTPCSGSW 33k 

B44 Core 88-96 NEGCGWAGW 34 

B50 E2 569-58 CWIGGAGNNT 35k 

B57 NS5B 2629-2637 KSKKTPMGF 36k 

B60 Core 28-37 GQIWGGWYLL 37k 

B60 E2 530-539 GENDTDWFWL 38k 

B60 E2 65 4-662 LEDRDRSEL 39 k 

B60 NS5A 2152-2160 HEYPWGSQL 4. Ok 

B60 NS5A 2267-2275 REISWPAEIL 41 

FIG. 1A shows the magnitude and breadth of the HCV 
specific CD8+ T cell responses as detected using 19 different 
previously described HLA A2 restricted peptides in an 
Elispot assay. Individual epitopes tested are indicated by the 
numbering of the first amino acid in the HCV 1a sequence, 
and magnitudes are shown as IFN-y spot forming cells/10 

14 

60 

PBMC. Responses were detected only against three of the 19 
peptides tested. These results were confirmed by tetramer 
analysis as shown for subject P6 in FIGS. 1 B–G, and the 

65 results from Elispot and tetramer assay correlated signifi 
cantly (FIG. 1H). 
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Responses were detected in PBMC, but only in 4 of the 
14 individuals (FIG. 1A). In the four individuals, between 1 
and 3 of the epitopes were recognized, and the combined 
magnitude of these responses ranged between 25 and 285 
SFC/10 PBMC per individual. All HLA-A2 restricted 
responses were directed against just 3 different epitopes, 
whereas none of an additional 16 HLA A2 epitopes was 
recognized by any individual (FIGS. 1A-H). 
One possible reason for the lack of detection of HLA 

A2-restricted CD8+ T cell responses could be cells deficient 
in interferon-Y expression. In order to assess whether anti 
gen-specific CD8+ T cells were present but not secreting 
interferon-Y, all individuals were examined by direct visu 
alization of HCV-specific cells using 6 different HLA A2 
tetramers (FIGS. 1B-H). Whereas the percentage of positive 
cells was higher by tetramer analysis than by Elispot assay, 
all responses detected were confirmed, and no additional 
responses were seen by tetramer analysis. Furthermore, 
Elispot and tetramer analysis also correlated well in terms of 
the magnitude of the responses (FIG. 1H, R=0.91, p<0.001). 

Detection of Non HLA A2-restricted CTL Responses in 
HLA-A2-positive Persons 
The data shown in FIGS. 1A Hindicate that the minority 

of HCV seropositive persons have detectable CD8 T cell 
responses restricted by HLA A2. In order to determine if 
CD8 T cell responses were present to epitopes other than 
those predicted to be presented by HLA A2, tests were 
carried out to detect responses to 22 previously defined 
non-HLA A2 epitopes (Table 2). Between 0 and 9 (median 
3) optimal HCV-specific CTL epitopes restricted by HLA 
alleles other than A2 were tested per person, depending on 
HLA type (Table 3). 

TABLE 3 

HCV epitopes (non-HLA A2) targeted by circulating CD8+ T-cells 

PEPTIDES 
SUBJECT PEPTIDES TESTED (NUMBER) RECOGNIZED 

P1 core 88, NS3 1395, NS3 1611 (3) Ole 
P2 NS5B 2629 (1) Ole 
P3 core 88, NS2 827 (2) core 88 
P4 core 28, core 41, core 110, E2 530, E2 core 41 

654, NS5A 2152, NS5A 2267, NS5B 
2510, NS5B 2588 (9) 

P5 core 1, E2 621, NS3 1261, NS3 1636 none 
(4) 

P6 core 88, NS2 957, NS4B 1966 (3) Ole 
P7 None (O) Ole 
P8 NS2827 (1) Ole 
P9 core 88, NS5B 2510, NS5B 2588 (3) none 
P10 None (O) Ole 
P11 core 88, E2 569, NS2 827 (3) Ole 
P12 core 88, NS3 1395, NS3 1611 (3) Ole 
P13 NS3 1031, NS3 1395, NS3 1611 (3) Ole 
P14 core 41, core 110, NS3 1395, NS3 1611 NS3 1395 

(4) 

Each epitope was tested in between 1 and 6 subjects, 
depending on the prevalence of the respective HLA allele in 
the cohort. Only 3 Subjects had a significant response, each 
to just one of the peptides (Table 3). Two of the three 
individuals with a readily detectable response against one of 
these non-HLA A2 epitopes had tested negative for all 19 
HLA-A2 peptides. The overall predictive ability of an HLA 
allele for specific responses was low, as it had been the case 
for HLA A2 restricted epitopes. For example, of 6 persons 
expressing HLA B44, only one targeted a previously 
described B44 epitope. Likewise, none of 5 HLA B8 posi 
tive persons targeted either of 2 previously described HLA 
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B8 restricted epitopes, although they recognized other 
epitopes. These results demonstrate that circulating HCV 
specific CD8+ T cell responses are detectable by Elispot in 
PBMC, but are poorly predicted simply through the HLA 
type of the host. 
Use of Overlapping Peptide Libraries to Confirm and Extend 
Previously Identified HCV-specific CD8 T Cell Responses 
CD8+ T cell assays based on predicted or previously 

reported epitopes detect responses in peripheral blood in 
only a minority of HCV-infected persons. In order to more 
comprehensively and directly assess responses, a screening 
Elispot assay using an HCV protein matrix was developed to 
examine responses against all expressed proteins. The deter 
mination is independent of previous epitope prediction mod 
els. An Elispot assay was devised using 301 peptides each 20 
amino acids in length and overlapping adjacent peptides by 
10 amino acids, thus covering the entire 3011 amino acid 
HCV 1 a polyprotein. To facilitate the analysis, peptides were 
combined in pools of 10 peptides each with each peptide 
being contained in two different pools in a matrix setup. This 
approach allowed for internal controls, as every peptide was 
present in two different wells, and with 60 wells containing 
peptide overall, there were many wells without a response 
serving as standards for a negative response in the presence 
of peptide. 
The feasibility of screening with the peptide matrix was 

evaluated. The first subject analyzed was designated P0; this 
subject had been extensively studied previously by limiting 
dilution assay during resolution of acute infection. Abroadly 
directed CD8+ T cell response had been characterized using 
this subject. When PBMC were analyzed from this indi 
vidual more than 2 years after initial infection using the 
panel of overlapping peptides, responses were detected 
towards eight 20 mer peptides, which contained 7 of the 
eight optimal epitopes identified previously through limiting 
dilution cloning. 

FIG. 2 shows the results of a screening elispot using 
overlapping 20mer peptides can detect HCV-specific 
epitopes. During acute infection, 8 different HCV-specific 
epitopes had been defined from the patient. Responses to 7 
of the 8 epitopes were still detectable 2 years after the 
individual had cleared HCV infection (black bars). When 
compared with responses to the corresponding 20mer pep 
tides used in the screening Elispot (grey bars), all 7 
responses were also detected. However, some of the 20mer 
peptides elicited responses almost as strong as the optimal 
epitope, whereas other responses were less vigorous. In 
addition to the previously described epitopes, a response to 
an additional peptide was identified (p951–970, striped bar). 
The magnitude of the responses was lower compared to the 
time point very early in acute infection, when the CTL 
clones had been established, but only the response that was 
lowest in acute infection was no longer detected. Compari 
Son of responses to the 20 mer peptides containing the 
targeted epitopes to the defined optimal epitopes did dem 
onstrate greater magnitude responses for the optimal 
epitopes. However, for the one response that was no longer 
detectable, even the optimal peptide no longer elicited a 
response, Suggesting loss of this weak response over time 
(peptides 2221–2240 (20 mer) and 2225–2233 (optimal 9 
mer) respectively). Another previously described response 
(NS4B 1744–1754), which was never detected by Elispot in 
the acute or early phase of infection in this Subject, was now 
detected by using the overlapping 20mer peptides and 
confirmed using the optimal peptide. Finally, peptide 
951–970 was identified; this polypeptide represents an 
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epitope previously not detected in this individual. At the 
time point studied, this epitope elicited the strongest 
response of all the nine epitopes. Whether this response was 
originally not detected because of a lower frequency or 
because of the different detection techniques used is unclear. 
ICS data of PBMC confirmed that this peptide was indeed 
recognized by CD8+ T cells (FIGS. 3A-B). The data shown 
in FIGS. 3C-G confirmed the response to be class I 
restricted. 

Truncated peptides were used to determine the optimal 
peptide required for recognition (FIG.3H). The HLA restric 
tion was determined and the minimal peptide to elicit a 
response was identified. The cells were not only able to 
secrete interferon-Y upon specific stimulation, but were true 
cytotoxic T lymphocytes killing peptide pulsed autologous 
B-cells in a standard chromium release assay (FIG. 3I). 
These data demonstrate the feasibility of screening for 
HCV-specific epitopes by an Elispot using overlapping 
peptides, and that these responses represent CTL. The data 
also show persistence of polyclonal CTL responses against 
HCV in a person (PO) with resolved HCV infection. 
The Strength and Breadth of the Total HCV-specific CD8+ 
T Cell Responses is not Predicted by the Responses Against 
a Limited Number of Epitopes 

To compare the total response with the response against 
the predicted epitopes, the screening Elispot approach was 
applied to the cohort of 14 individuals, resulting in the 
identification of CTL responses in 9 of 14 persons tested. 
The method detected not only previously described HLA-A2 
and non-A2 epitopes (FIG. 4, white and black bars, respec 
tively), but also a total of 9 novel responses in 7 individuals 
(FIG. 4, grey bars, corresponding peptides listed in Table 4). 

TABLE 4 

Novel epitopes detected by comprehensive Elispot analysis 
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actual epitopes within the larger 20 amino acid peptides 
were mapped using truncated peptides in a similar Elispot 
format, and their HLA restriction determined (Table 4). One 
of the targeted peptides, amino acids 781-800, was recog 
nized by three different persons, whereas 6 of the other 
newly identified immunogenic peptides were recognized by 
only one individual. 3 of the 7 individuals (P7, P9, P12) 
recognizing peptides not previously reported to contain CTL 
epitopes had no detectable response by the original assay 
using only the optimal epitopes, and thus would have been 
erroneously deemed to have no CTL against HCV. In the 
other four Subjects with detectable responses against previ 
ously described epitopes, the novel responses comprised 
between 40% and 80% of the total magnitude of all HCV 
specific CD8+ T cell responses together (FIG. 4). There was 
no significant correlation between the overall magnitude of 
the novel HCV-specific CD8+ T cell responses and the 
overall magnitude of the HLA A2 responses or the overall 
magnitude of the responses towards all previously defined 
epitopes (p=0.97 and p=0.87, respectively). In summary, of 
the 14 persons tested using HLA A2 presented epitopes, 4 
had detectable responses, whereas a total of 9 of 14 persons 
(including these 4) had detectable responses when screened 
with the more comprehensive method. Moreover, in 2 of 4 
persons positive for an HLA-A2 restricted response, this was 
not the dominant response. 

In vitro Stimulation Reveals Additional Subdominant HCV 
specific CTL in a Majority of Individuals 

Having failed to demonstrate A2-restricted responses in 
circulating PBMC, despite frequent recognition of other 
epitopes, experiments were carried out to determine whether 
additional HLA A2 restricted responses are present but 
below the limits of detection in direct assays on fresh cells. 
To address this question, PBMC from 9 of the study subjects 

HCV were stimulated in vitro. The study subjects included 5 who 
PROTEIN POSITION SEQUENCE HLA SUBJECT had previously been shown to have no HLA A2 restricted 
E2 610-618 DYPYRLWHY (SEQ ID Cw7 P4 40 responses by Elispot and tetramer analysis. PBMC were 

NO: 42) stimulated in vitro in the presence of IL-2 and HCV peptides 
P7 781-800 KWVPGAVYTFYGMWP ND P9, P11, over 8 to 9 days. Four different HLA A2 restricted HCV 

LLLLL* (SEQ ID NO: 43) P14 
NS3 1171-1190 CPAGEHAVGIFRAAVCT ND P9 peptides, for which tetramers were available, were used for 

RGVA* (SEQ ID NO:44) 45 stimulation. 
NS3 1435-1443 ATDAL MTGY (SEO ID A1 P2 

NO: 45) (SEQ FIGS. 5A-H shows the results f a tetramer analysis before 
NSSA 2191-2210 ARGSPPSVASSSASQLS ND P12 and after stimulation of PBMC with peptides representing 

APS* (SEQ ID NO: 46 HCV epitopes. In subject P14, only one of four tetramers 
NSSB 2568 2577 girka (SEQ ID B55 P7 (NS3 1073) tested positive directly ex vivo. After 9 days of 
NSSB 2898–2907 SPGEINRVAA (SEQ ID B55 P7 50 stimulation with the four respective peptides, 3 of four 

NO: 48) tetramers tested positive, with frequencies up to 30% of 
*minimal epitope and HLA-restriction not determined CD8+ T cells. Results by tetramer analysis using unSt1mu 

lated cells were identical to results with the Elispot assay, 
All responses were confirmed to be CD8+ T cell depen- with the same 4 subjects having detectable responses (Table 

dent by CD8+ and CD4+ depletion experiments. Four of the 5; representative example shown in FIGS. 5A-H). 

TABLE 5 

NS3 1073 NS4 1406 NS4 1851 NSS 2594 

SUBJECT Ex vivo Stim. Ex vivo stim. Ex vivo stim. Ex vivo Stim. 

P2 1.31 14% 0.12% 4% &O.O2 &O.O2 &O.O2 11% 
P3 &O.O2 &O.O2 &O.O2 &O.O2 &O.O2 &O.O2 &O.O2 &O.O2 
P4 &O.O2 12% &O.O2 9% &O.O2 &O.O2 &O.O2 &O.O2 
P6 0.42% 43% 0.09%, 2.50% &O.O2 &O.O2 0.23% 17% 
P8 &O.O2 150%, 0.02 &O.O2 &O.O2 &O.O2 &O.O2 &O.O2 
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TABLE 5-continued 

NS3 1073 NS4 1406 NS4 1851 

SUBJECT Ex vivo stim. Ex vivo stim. Ex vivo stim. 

P10 &O.O2 0.40% &O.O2 41% &O.O2 &O.O2 
P11 &O.O2 2% &O.O2 5.60% &O.O2 &O.O2 
P12 &O.O2 &O.O2 &O.O2 &O.O2 &O.O2 &O.O2 
P14 0.17% 31% &O.O2 6.60% &O.O2 &O.O2 
Total 3.9 7/9 2.9 6.9 O9 O.9 
positive 

Boldface indicates strongly positive result. 

Boldface Indicates Strongly Positive Result 
After stimulation, responses to additional epitopes, which 

had been below the limits of detection in the direct assays 
were present using this technique. In the 4 Subjects who had 
detectable responses to HLA A2 epitopes in the direct ex 
Vivo assay, 3 had additional responses that first became 
detectable after in vitro expansion (Table 5). For the one 
individual in whom no additional response was detected 
(P6), the three ex vivo detectable responses were readily 
expanded. Of the five subjects tested with negative results 
directly ex vivo, three (P4, P8 and P10) tested positive after 
specific stimulation. One epitope (NS4 1851–1859) was 
never detected, either directly ex vivo or after stimulation. 
These results show that memory responses to HCV peptides 
are present in the majority of infected persons, but that HLA 
A2-restricted responses are often weak and are usually not 
the dominant responses in persons with HCV infection. 

Identification of Viral CTL Epitopes 
The comprehensive analysis of HCV-specific CD8+ T 

lymphocytes described herein indicate that CTL responses 
are reliably detected directly ex vivo in the majority of 
anti-HCV positive individuals, without requiring predictive 
algorithms or prior knowledge of HLA type. Using 301 
overlapping peptides spanning all HCV proteins, circulating 
HCV-specific CD8+ T-cells were detected in 9/14 subjects 
tested, whereas only 4 of these HLA-A2 positive persons had 
detectable HLA A2 restricted responses without prior in 
vitro stimulation. Importantly, half of the responses detected 
were directed against previously uncharacterized epitopes, 
and the vast majority of previously reported A2 epitopes 
were either not targeted or were below the limits of detection 
in persons with clear CD8+ T cell responses to other 
epitopes. These data indicate that HLA type does not predict 
dominant HCV responses in seropositive individuals, that 
targeted epitopes are scattered throughout all gene products, 
and that no epitopes or regions are preferentially targeted by 
the majority of infected persons. 

Earlier methods were limited because of their reliance on 
HLA-A2 restricted epitopes. For example, since HLA-A2 is 
less frequently expressed exposed in non-Caucasian popu 
lations, the data from earlier studies is not applicable to 
diverse, e.g., not predominantly Caucasian, populations. The 
data described herein indicates that the analysis of responses 
restricted by a single HLA allele cannot be used as a 
surrogate marker for the overall HCV-specific CTL 
response. A response to any of the 19 previously described 
HLA A2-restricted HCV epitopes was seen in only 4/14 
subjects, yet 9 of 14 had responses when the comprehensive 
approach using overlapping peptides was applied. In those 
HLA-A2 positive persons with HLA-A2-restricted responses, 
the previously identified epitopes were not always the domi 
nant responses. In vitro simulation increased the detection of 
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responses to some A2 restricted epitopes, indicating that 
weak responses were present but underscoring that these 
responses were minor compared to those directed at non 
HLA-A2 epitopes in a number of persons. 
The assays described herein permit assessment of the 

relative predictive ability of algorithms designed to predict 
CTL epitopes, using the more sensitive techniques of Elispot 
and tetramer analysis. The results showed that a minority of 
predicted HLA-A2 restricted epitopes are detected directly in 
PBMC. Of the 19 HLA-A2 restricted HCV-specific epitopes 
presently described, only 3/19 (NS3 1073, NS3 1406, NS5B 
2594) were recognized by Elispot analysis in any of the 
patients, and these 3 were repeatedly detected in more than 
one person. These findings were confirmed by tetramer 
analysis to exclude the possibility of specific cells being 
present, but undetected due to a defects in functional prop 
erties. While frequencies of HCV-specific cells were indeed 
higher when analyzed by tetramer analysis the results by 
Elispot correlated significantly in their relative frequency. 
Tetramer analysis did not reveal any response not detected 
by the Elispot assay. Responses were detected in individuals 
infected with various genotypes, despite our peptides being 
derived from a genotype 1 sequence. For one of the epitopes 
(NS3 1073) cross reactivity with a flu epitope may be a 
mechanism leading to preferred recognition. 

Using the peptide matrix approach, circulating HCV 
specific CTL responses were detected in 6/10 individuals 
with chronic HCV infection. The detection is comparable to 
results obtained by cloning from liver derived lymphocytes 
where such a response was detected in 45% of subjects. The 
data suggest that, while the frequencies of HCV-specific 
cells have been shown to be higher in the liver, the matrix 
assay is able to detect HCV-specific CTL with similar 
sensitivity in the periphery without the need of in vitro 
expansion. 

Mapping HCV CTL Epitopes 
The detailed analysis of the HCV-specific CD8+ T cell 

response requires a comprehensive screening that cannot be 
Substituted by testing a limited number of epitopes as 
indicators of the T-cell response. The study of HCV-specific 
CTL directly ex vivo without the restriction to certain HLA 
alleles is important in determining the role of CD8+ T cells 
in control and immunpathology of HCV infection. The data 
indicate that the response is more limited than expected. 

Four optimized nominal HCV epitopes were defined and 
are shown in Table 6. 
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TABLE 6 

HCV HLA SUB 
PROTEIN POSITION SEQUENCE RESTRICTION JECT 

E2 610-618 DYPYRLWHY Cw7 P4 
(SEQ ID NO: 42) 

NS3 1435-1443 ATDAL MTGY A1 P2 
(SEQ ID NO: 45) 

NSSB 2568 2577 QPEKGGRKPA B55 P7 
(SEQ ID NO: 47) 

NSSB 2898-2907 SPGEINRVAA BSS P7 
(SEQ ID NO: 48) 

Resolved and Persistent Hepatitis C Virus Infection: CD8+ 
T Cell Responses Differ in Breadth and Magnitude, but not 
in Their Phenotype or Function 

Vigorous HCV-specific CD8+ T-cell responses have been 
reported during acute HCV infection, but the long-term fate 
of these responses remains ill-defined. A comprehensive 
comparative assessment of HCV specific CD8+ T cell 
responses was performed in individuals with both persistent 
and resolved infection. Responses were identified using a 
matrix of HCV peptides spanning the entire HCV genome in 
an ELISpot assay. The phenotype of these responses was 
determined using a panel of HCV tetramers that were 
tailored to match both the individuals HLA type and the 
epitopes identified in the screening ELISpot assay. The 
functional capacity of these cells was assessed. Responses in 
individuals with resolved infection were significantly more 
common, targeted more epitopes and were stronger com 
pared to individuals with persistent infection. They were 
also more broadly directed and could be detected years after 
HCV resolution. In both cohorts, responses were directed 
against a range of HCV peptides. Surprisingly, HCV specific 
CD8+ T-cells exhibited uniformly an early memory pheno 
type in or without the presence of persistent viraemia. In 
addition, HCV specific responses were functionally intact in 
that they expanded in vitro following a single round of 
peptide stimulation and produced IFN-Y in an 18 hour 
ELISpot assay. The results indicated that CD8+ T cell 
responses in individuals with resolved infection differ in 
breadth and magnitude, but not in their phenotype or func 
tion. This indicates that broadening and strengthening of the 
HCV-specific CTL response is a clinically beneficial strat 
egy for the development of HCV vaccines and immuno 
therapeutic interventions. 

Studies were carried out to test the hypothesis that spon 
taneous control of HCV infection is associated with persis 
tent HCV-specific CD8+ T cell responses. CD8+ T cell 
responses in 20 individuals following spontaneous resolu 
tion of HCV infection were comprehensively analyzed and 
compared these to the responses observed in 20 individuals 
with persistent infection. In contrast to previous studies, 
CD8+ T cell responses were analyzed by targeting the entire 
HCV polypepetide, using ex vivo ELISpot assays in addition 
to an unprecedented number of HCV tetramers. This strat 
egy permitted a determination of the HCV-response directed 
against all HCV proteins irrespective of HLA type. The 
evaluation was carried out as follows. 

Study Subjects 
Twenty subjects (subjects R1 to R20) with spontaneously 

resolved HCV infection, defined as the absence of detectable 
HCV RNA by PCR (HCV Roche Amplicor assay, detection 
limit of 300 HCV RNA copies/ml of plasma) in the presence 
of HCV antibodies (third generation EIA) on at least two 
consecutive occasions were studied. Additionally, twenty 
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22 
treatment naive patients with chronic HCV infection were 
consecutively enrolled from the outpatient clinic. All sub 
jects were studied at least 2 years after acute HCV infection. 
Further subject characteristics are listed in Table 7. 

Strategy for Defining CD8+ T Cell Responses 
T cell responses were comprehensively identified in each 

patient in an Enzyme LinkedImmuno-Spot (ELISpot) assay 
for IFN-y, using 301 peptides (20mers overlapping by 10 
AA) spanning the entire HCV genome in addition to a panel 
of previously defined HCV epitopes (n=83). In order to 
define the optimal peptide sequence for novel HCV epitopes 
identified in the screening ELISpot assay, a series of peptide 
truncations was generated. Peptide stimulated CD8+ T-cell 
lines were generated to confirm both restriction and speci 
ficity as well as to assess the proliferative capacity of the 
antigen specific T cells. In addition a panel of tetramers, both 
new patient specific epitopes (defined in the aforementioned 
ELISpot assay) and previously defined epitopes were used to 
quantify and phenotype antigen specific CD8+ T cells, 
independent of function. 

Synthesis of HCV-derived Peptides 
Peptides corresponding to the amino acid sequence of the 

HCV-1 a strain, spanning the entire HCV polypeptide, were 
synthesized as free acids using a standard 9-fluorenyl 
methoxy carbonyl method. The 301 peptides, used in the 
initial screening assay were 20 amino acids in length, 
overlapping adjacent peptides by 10 amino acids. The 83 
optimal epitope peptides were 8 to 10 amino acids in length. 
Additional truncated peptides were synthesized to determine 
the optimal epitope sequence. 
HLA Typing 
HLA typing was using standard serological and molecular 

techniques. 
ELISpot Assay 
96-well polyvinylidene plates (Millipore) were coated 

with 2.5 mg/ml recombinant human anti-IFN-Y antibody 
(Endogen) in PBS at 4° C. overnight. Fresh or previously 
frozen PBMC were added at 200,000 cells/well in 140 ml 
R10 medium (RPMI 1640 Sigma-Aldrich), 10% FCS 
Sigma-Aldrich, and 10 mM Hepes buffer Sigma-Aldrich 
with 2 mM glutamine and antibiotics 50 U/ml penicillin 
streptomycin). Peptides were added directly to the wells at 
a final concentration of 10 mg/ml. The plates were incubated 
for 18 hours at 37° C., 5% CO. Plates were then washed, 
labeled with 0.25 mg/ml biotin-labeled anti-IFN-Y (En 
dogen), and developed by incubation with Streptavidin 
alkaline phophatase (Bio-Rad) followed by incubation with 
BCIP/NBT (Bio-Rad) in Tris-buffer (pH 9.5). The reaction 
was stopped by washing with tap water and the plates were 
dried, prior to counting on an ELISpot reader (AID, Strass 
berg, Germany). For quantitation of ex vivo responses, the 
assay was performed at least in duplicate and background 
was not more than 15 spot-forming cells (SFC)/10 PBMC. 
Responses were considered positive if the number of spots 
per well minus the background was at least 25 SFC/10 
PBMC. Phytohemagglutini (PHA) served as a positive con 
trol. 
HLA Class I-peptide Tetramer Staining 
HLA class I-peptide tetramers were prepared using stan 

dard methods (e.g., the method described by Lechner et al., 
2000, J Exp Med 191: 1499–15126), and included tetramers 
specific for 4 epitopes restricted by HLA-A2, one epitope 
restricted by HLA A1 HLA A24 and HLA B35, respec 
tively: 
HLA-A2: NS3 peptide 1073-1081, CINGVWCTV (SEQ 
ID NO: 8): 
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NS4 peptide 1406–1415, KLVALGINAV (SEQID NO: 
11): 

NS4 peptide 1987–1995 VLDSFKTWL (SEQ ID NO: 
75); 

NS5B peptide 2594 2603, ALYDVVTKL(SEQ ID 
NO: 18); 

HLA A1: NS3 peptide 1435–1443 ATDALMTGY(SEQ 
ID NO: 45); 

HLA-A24: NS4 1745–1754 VIAPAVQTNW(SEQID NO: 
72); 

HLA B35: NS3 1359–1367 HPNIEEVAL(SEQ ID NO: 
70). 

One half to 1 million PBMC were stained. Tetramer 
staining was performed for 20 minutes at 37° C. After 
washing for 5 minutes with PBS containing 1% FCS at room 
temperature (RT), cells were pelleted and directly stained 
with combinations of the following antibodies: CD8-PerCP. 
CD27 FITC, CD28 APC, and CD45RA FITC (all from 
Becton Dickenson). For indirect antibody staining using 
CCR7, staining was performed as follows. After 2 consecu 
tive washes (as above) cells were pelleted and stained with 
anti CCR7-Ab for 30 minutes at room temperature. After 
two further washes, cells were pelleted again and a second 
ary anti-mouse-IgM-APC-conjugated Ab (Caltag) was 
added for 30 minutes at RT. Cells were washed twice and 
directly conjugated CD8-PerCP Ab was added for 20 min 
utes at 4°C. to the cell pellets. All staining was performed 
in a volume of 100 ul PBS in the presence of 10 ul goat 
immunoglobulin to prevent non-specific Ab binding. Flow 
cytometric analysis was performed with a Becton Dickinson 
fluorescence-activated cell sorter (FACS) Calibur, and data 
analysis was performed using the CellOuest software. Stain 
ing was considered positive if tetramer-positive cells formed 
a cluster distinct from the tetramer negative CD8+ T cell 
population and the frequency of tetramer positive cells was 
greater than 0.02% of the total CD8+ population. 

Intracellular IFN-Y Staining 
Intracellular cytokine staining (ICS) IFN-Y was performed 

using standard methods, (e.g., as described in Lauer et al., 
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37° C. and 5% CO2. PBMC were then washed and Stained 
with Surface antibodies, antigen-presenting cell-conjugated 
anti-CD3 and phycoerythrin-conjugated anti-CD8 (Becton 
Dickinson) at RT for 20 min. following the washing, the 
PBMC were fixed and permeabilised (Caltag, Burlingame, 
Calif.), and the fluorescein isothiocyanate-conjugated anti 
IFN-Y MAb (Becton Dickinson) was added. Cells were then 
washed and analyzed on a FACS-Calibur flow cytometer 
using CELLOuest software (Becton Dickinson). 

Bulk Stimulation of Peripheral Blood Mononuclear Cells 
In order to establish CD8+ T cell lines, cryopreserved or 

fresh PBMC (4-10x10) were stimulated with 1 ug/ml of 
synthetic HCV peptide and 0.5 mg/ml of the costimulatory 
antibodies anti-CD28 and anti-CD49d (Becton Dickinson) 
in R10. Irradiated feeder cells (20x10° allogeneic PBMC) 
were added to the culture in a 25-cm2 culture flask (Costar, 
Cambridge, Mass.). Recombinant interleukin-2 (IL-2, 25 
IU/ml) was added on day 2 and twice a week thereafter. 

Cytotoxicity Assay 
Autologous B lymphocyte cell lines (B-LCL) were pulsed 

with 10 ug of peptide and CrO (New England Nuclear, 
Boston, Mass.), and incubated for one hour at 37°C. in 5% 
CO. The B-LCL target cells were washed three times with 
cold R-10 medium and incubated with effector cells at 37° 
C. for 4 h in three replicate wells. Cellular release of 
CrO4 into the Supernatant was measured using a Top 

Count Microplate scintillation counter (Packard Instrument 
Company, Meriden, Conn.), and the percent specific cyto 
toxicity was calculated by the formula % lysis-(experimen 
tal release-spontaneous release)/(maximum release 
spontaneous release)x100. Results are reported as the mean 
of triplicate values. Only experiments with a spontaneous 
release of <20% were evaluated. 
HLA Restriction 
To define HLA restriction, partially HLA matched and 

mismatched heterologous BCL were pulsed with 10 ug of 
peptide for an hour, washed three times with R10 and then 
2x105 of the BCL were added to the T-cell line instead of 
peptide. Cytotoxicity assays or ICS were then performed as 

2002. J Virol 76:6104–6113). 1x10 PBMC were incubated 40 described above. 
with 4 uM peptide and anti-CD28 and anti-CD49d MAbs (1 Statistical Analysis 
ug/ml each; Becton Dickinson) at 37° C. and 5% CO, for 1 Statistical analysis (Mann-Whitney rank sum test and 
h before the addition of Brefeldin A (1 ul/ml; Sigma- correlation coefficient) was performed using GraphPad 
Aldrich). The cells were incubated for an additional 5 h at Prism(R) 3.0a for Macintosh. 

TABLE 7 

Patient 
ID HLA Peptides recognized by CD8+ T-cells 

R1 A3, 66 B7, 49 Cw7 E2-610 Cw7 YRLWHYPCTI (145) NS3-1070 ATCINGVCWTVYHGAGTRTI (860) 
(SEQ ID NO: 59) (SEQ ID NO: 60) 

R2 A2, 3 B7, 60 Cw7 Core-41 B7 GPRLGVRAT (110) E2-610 Cw7 YRLWHYPCTI (860) 
(SEQ ID NO: 28) (SEQ ID NO: 61) 

R3 A2, 25 B37, 44 Cw7, 12 NS2-831 A25 LSPYYKRYIS (475) NS2-957 B37 RDWAHNGL (900) 
(SEQ ID NO: 62) (SEQ ID NO:32) 
NS3-1073 A2 CINGVCWTV (750) NS4-1758 A25 ETFWAKHMW (200) 
(SEQ ID NO: 63) (SEQ ID NO: 64) 
NS4-1966 B37 SECCTPCSGSW (850) NS5-2225 A25 ELIEANLLW (210) 
(SEQ ID NO: 65) (SEQ ID NO: 66) 
NS5-2594 A2 ALYDVVTKL (750) NS5-2819 A25 TARHTPVNSW (750) 
(SEQ ID NO: 18) (SEQ ID NO: 67) 

R4 A2, 29 B44 Cw16 Core-88 B44 NEGCGWMGW (510) 
(SEQ ID NO: 68) 

RS A24, 33 B35, 65 Cw4, 8 E1-207 B35 CPNSSIVY (500) NS3-1359 B35 HPNIEEVAL (195) 
(SEQ ID NO: 69) (SEQ ID NO: 70) 
NS4-1695 B35 IPDREVLY (160) NS4-1745 A24 VIAPAVQTNW (705) 
(SEQ ID NO: 71) (SEQ ID NO: 72) 
NS5-2162 B35 EPEPDVAVL (25) NS5-2912 (B57) LGVPPLRAWR (150) 
(SEQ ID NO: 73) (SEQ ID NO: 74) 
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TABLE 8-continued 

E2-610 Cw7 YRLWHYPCTI (75) 
(SEQ ID NO: 93) 

Peptides recognized by CD8+ T-cells 

NS4-1744 (A25) EVIAPAVQTNW (70) 
(SEQ ID NO:94) 

NS4-1941 (B38) AARVTAIL (255) 
(SEQ ID NO: 95) 

Patient HCV RNA ALT 
ID HLA GENOTYPE (IU/ml) (IU/ml) 

C14 A2, 36 B52, 65 Cw8, 15 1a. 5340000 48 Neg 
C15 A2, 11 B35, 44 Cw7, 9 2ac 5240000 68 Neg 
C16 A23, 30 B7, 52 Cw7, 16 1a. >1000000 120 Neg 
C17 A3, 32 B7, 14 Cw7, 8 1a. 1S2OOO 96 

C18 A2, 29 B44, 50 Cw4, 16 3a 12133OO 100 

C19 A1, 2 B8, 44 Cw1 1a. 796OOO 86 
C20 A3, 24 B7, 35 Cw4, 7 1b >850000 100 neg 

P7-790 A29 FYGMWPLLL(280) 
(SEQ ID NO: 96) 
NS5-2197 SVASSSASQLSA (120) 

NS5-2594 A2 ALYDVVTKL (70) 
(SEQ ID NO: 18) 

The peptides are described by the HCV-protein together with the aa position in the HCV-H77 sequence, followed by the HLA restriction of the peptide 
if known (HLA sequence in brackets means that the described HLA sequence is not present in the respective subject) and the peptide sequence. The 
numbers in brackets indicate the strength of the respective response in the ELISpot assay (in SFC/10 PBMC). 

HCV-specific CD8+ T-lymphocytes can be Detected few of the HCV epitopes were immunodominant (FIGS. 
Directly ex vivo Years After Spontaneous Resolution of 
HCV Infection 

Studies were carried out to determine whether spontane 
ous elimination of HCV infection is associated with a 
long-lasting broad and vigorous immune response by CD8+ 
HCV-specific T-cells. A cohort of individuals who had 
cleared HCV spontaneously at least 2 years prior to study 
entry (as indicated by a positive HCV antibody test and 
consistently negative HCV RNA) was assembled. 

In previous studies using direct ex vivo techniques and 
selected HCV epitopes, only a few relatively weak responses 
were detected in persons who had spontaneously cleared 
HCV infection. In contrast, using this more comprehensive 
approach (FIGS. 6A-E) HCV-specific CD8+ T cell 
responses were detected in the vast majority of Such patients 
(17/20, Table 7). In addition, the response detected was often 
multispecific and vigorous. Up to 8 epitopes were targeted in 
a single individual and the strength of some responses 
reached 900 SFC/10 PBMC in the ELISpot assay (Table 7) 
or 2.8% of CD8+ T cells in the ex vivo tetramer assay (FIG. 
7A: patient R3). Many responses were directed against 
previously undescribed epitopes. Novel responses were con 
firmed to be mediated by CD8+ T cells, to have cytolytic 
activity and to have proliferative capacity as shown by 
expansion of specific cells after peptide stimulation (FIGS. 
6A-E and and FIGS. 8A-L). The HLA restriction for 10 
novel HCV epitopes (Table 9) were determined and fine 
mapped. 

TABLE 9 

AMINO SEQ 
HCV ACID HLA ID 
PROTEIN POSITION SEQUENCE RESTRICTION NO: 

E1 2O7 214 CPNSSIVY B35 49 
E2 541 550 NTRPPLGNWF B57 50 
P7 790- 798 FYGMWPLLL A29 51 
P7 790 797 FYGMWPLL Cw7 52 
NS3 1175-1184 HAVGLFRAA A68 53 
NS3 1801–1809 LTTSQTLLF B57 S4 
NS4 1695-1712 IPDREVLY B35 55 
NS4 1745–1754 VIAPAVQTNW A24 56 
NS5 21 62-217O EPEPDVAVL B35 57 
NS5 2912-2921 LGVPPLRAWR B57 58 

Overall, the HCV-specific CD8+ T cell responses were 
broadly distributed over the whole HCV genome (FIG. 4). 
Whilst some responses were targeted by several individuals, 
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9A-B). Some of previously described HCV epitopes were 
not recognized by any individual, despite the fact that certain 
HLA alleles were present in up to 9 subjects of the cohort. 
These results demonstrate the persistence of a highly diverse 
HCV-specific CD8+ T-cell response in the absence of detect 
able viremia. 

HCV-specific CD8+ T-lymphocytes are Detected Less Com 
monly and with Lower Frequencies in Individuals with 
Chronic HCV Infection 
As previous studies generated conflicting results when 

comparing individuals with resolved and chronic infection, 
a comprehensive assay was applied to a similar cohort with 
chronic untreated HCV infection. This cohort did not sig 
nificantly differ in its age and gender distribution. HCV 
genotype was also determined (Table 8). As expected there 
was a dominance of HCV genotype I in this cohort, as 
previously described for the U.S.A. and U.K. population. In 
contrast to subjects with resolved infection, a significantly 
smaller number of individuals with chronic disease had 
HCV-specific CD8+ T cell responses (Table 8, 9/20 vs 
17/20, p=0.019). In addition their responses were generally 
weaker, i.e. lower in overall magnitude (mean 95 (0–400) vs 
584 (0–4885) total SFC/10 PBMC, p=0.027, FIG. 10A) and 
narrower, i.e., directed against a smaller number of epitopes 
(mean 1 (0-4) vs 2.3 (0-8) epitopes targeted, p=0.039, FIG. 
10B). However, it has also to be noted that there was a 
significant overlap between the two cohorts in terms of the 
breadth and the overall strength of the individual’s response. 
As for the resolved individuals, the responses were directed 
against a range of HCV proteins, restricted by a variety of 
HLA alleles and were highly heterogeneous between indi 
viduals, with a lack of immunodominance (FIGS. 9A-B). 

There was a lack of responses directed against core and 
E1 in the chronic cohort, but this difference was not statis 
tically significant (p=0.165, Fisher's exact test). 
The distribution of the major HLA alleles, for which most 

known HCV epitopes have been described, in the two 
cohorts was very similar (HLA A17 vs. 8. HLA-A29 vs. 10, 
HLA A34 vs. 5, HLA A11 5 vs. 2, HLA B75 vs. 4, HLA 
B8 3 vs. 4, HLA B35 3 vs. 4 and HLA B447 vs. 8). 
Therefore a similar number of optimal epitopes matching the 
individual’s HLA type have been tested in both groups, 
which is important as optimal epitope peptides are poten 
tially more sensitive in the ELISpot assay. 

This comprehensive direct ex vivo analysis in a large 
cohort of individuals with chronic HCV infection permitted 
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a correlating the HCV-specific CD8+ T-cell responses with 
viral control and disease activity. Neither HCV viral load nor 
ALT values were significantly correlated with the overall 
strength of the HCV-specific CD8+ T-cell response 
(r2=0.0145, p=0.61 and r2=0.0149, p=0.61 respectively) 
HCV-specific CD8+ T-lymphocytes do not Differ in their 
Phenotype and Functional Properties Between Chronic and 
Resolved Infection 
The results from the screening of HCV-specific CD8+ T 

cell responses in spontaneously resolved and chronically 
infected individuals was used to tailor additional assays 
using class I tetramers for 11 individuals for whom sufficient 
additional PBMC were available. The cells were tested for 
a set of markers associated with T-cell differentiation, e.g., 
CD45RA, CD27, CD28 and CCR7. As shown in FIGS. 
11A-M, HCV-specific cells, with the exception of one 
epitope in an individual with resolved infection, typically 
displayed an “early memory” phenotype (double positive for 
CD27 and CD28, and low in CD45RA). CCR7 surface 
expression was relatively high, in accordance with an “early 
memory' phenotype. 

In addition, a correlated was made between the results 
from the functional IFN-Y ELISpot and the results of direct 
quantification by tetramer analysis. Only a minority of 
HCV-specific cells secreted IFN-y, whether from individuals 
with resolved or chronic infection, a phenomenon referred to 
as a stunted phenotype (FIG. 12). By establishing peptide 
specific T-cell lines (as shown in FIGS. 6A-E) used in ICS 
and cytoytoxicity assays, HCV-specific cells from Subjects 
with chronic and with resolved infection were found to be 
able to proliferate in vitro and possess cytolytic function 
(FIGS. 6A-E). 
Cytolytic T Cell Responses in Resolved and Persistent 
Hepatitis C Virus Infection 
The role of CD8+ T cells in the resolution of HCV 

remains controversial. This disclosure represents the first 
analysis, using peptides spanning the entire HCV viral 
genome to comprehensively map and compare CD8+ T cell 
responses in individuals with persistent and resolved HCV 
infection. This strategy has allowed a determination of the 
full breadth and the magnitude of the HCV specific T cell 
response in these patients irrespective of HLA type. Using 
tetramers specifically tailored to individual patients HCV 
specific T cell epitopes, the phenotype and function of CD8+ 
T cells in patients with chronic and resolved infection was 
assessed and compared. 
The controversy surrounding the role of HCV specific 

CD8+ T cells has arisen through the limitations of the assays 
employed in earlier studies. It has been repeatedly demon 
strated that CD8+ T are clearly detectable in vitro following 
several rounds of peptide stimulation in patients with 
chronic HCV infection. As new technologies such as tet 
ramer and ELISpot technology developed, the detection of 
ex vivo CD8+ T cells responses became possible and it 
appeared that CD8+ T cell responses in chronic HCV 
infection were in fact relatively weak and difficult to detect. 
However these later studies were themselves limited by the 
use of techniques assessing only a small number of HCV 
specific epitopes. The present disclosure combines breadth 
and sensitivity and uses a variety of assays to assess the 
status of CD8+ T cell responses in individuals with resolved 
and persistent HCV infection. Further controversy surrounds 
the function of the antigen specific T cell response and the 
role of these cells in the resolution of HCV infection: some 
studies have suggested that CD8+ T cells are more easily 
detectable in patients with persistent HCV infection, com 
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30 
pared to those with resolved infection but are functionally 
impaired, whilst others reports have maintained that CD8+ 
T cell responses in patients with resolved infection are 
relatively robust. 

Using the comprehensive approach described above, 
HCV-specific CD8+ T-cell responses were detected directly 
ex vivo in almost all individuals with resolved HCV infec 
tion. Up to 8 different epitopes were targeted in a single 
Subject, with individual responses comprising up to 2.8% of 
CD8+ T-cells. In contrast, CD8+ T cells were detected in the 
minority of individuals with chronic infection, were typi 
cally weak and directed against only one or two epitopes. 
Overall, CD8+ T cell responses were significantly more 
common, more broadly directed, and of a greater magnitude 
in individuals with resolved HCV infection compared to 
those with persistent infection. The data indicated that 
broadening and strengthening the T cell repertoire in patients 
with persistent infection is clinically beneficial. Despite the 
significant differences between the two cohorts in the mag 
nitude and breadth of the CD8+ T cell responses, the data 
indicated that at an individual level there is an overlap 
between the responses in individuals with persistent and 
resolved infection. 

Recent studies have Suggested that the expression of the 
costimulatory receptors CD27 and CD28 are associated with 
different stages of T cell differentiation (or maturation). 
Although the mechanism of T cell differentiation is not 
clearly defined it appears that CD8+ T cells may exist in a 
spectrum ranging from early differentiated (or central 
memory) cells high in CD27 and CD28, through to fully 
differentiated T cells low in CD27 and CD28 (or effector 
memory). Expression of CCR7, a secondary lymph node 
homing marker is associated with the early differentiated 
(central memory) phenotype. Functional differences 
between these phenotypes have also been observed. The 
early differentiated phenotype is generally associated with a 
high proliferative capacity, whilst the late differentiated 
phenotype is associated with the expression of cytotoxic 
factors such as perforin and granzyme A and cytotoxic 
functions. Furthermore it has been shown that enrichments 
of antigen specific T cells at different stages of differentia 
tion occur and are virus specific. 
HCV specific T cells in individuals with chronic infection 

have been described as distinct in that they appear at the 
immature end of the differentiation spectrum. If CD8+ T cell 
differentiation is subverted or diverted in HCV infection as 
a mechanism of evading host immunity, one would expect 
differences in the phenotype, (defined as the pattern of 
expression of CD28, CD27, CD45RA and CCR7) between 
individuals with resolved and persistent infection. The 
analysis of the phenotype of HCV specific CD8+ T cells 
employed 7 different tetramers based on 4 different HLA 
alleles. The phenotype of HCV specific CD8+ T cells was 
found to be CD27High, CD28High, CD45 RALow, and 
CCR7 High in each epitope in all individuals with both 
chronic and resolved infection with the exception of a 
single response in one patient with resolved infection (FIGS. 
11C, FI, L. patient R3 epitope NS5-2594), where responses 
to one of two phenotyped epitopes were CD27High, 
CD28High, CD45RAHigh and CCR7Low. The finding of 
relatively high CCR7 expression is consistent with the other 
markers of an early phenotype and extends previous more 
limited Studies and contrasts with the findings in acute and 
early chronic disease. Distinct phenotypes, in two different 
epitopes restricted by the same HLA allele in the same 
individual was observed. Although the explanation for this 
is not clear it could relate to the avidity of the responses, 
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which differ by 2 logs. Thus the relative amount of antigen 
“sensed' by the two T cell populations might differ quite 
considerably in vivo and contribute to their distinct evolu 
tion within one individual. 

Whilst it is clear that distinct phenotypes may arise, the 
data Suggests that the maturation phenotype in individuals 
with both resolved and chronic infection is relatively con 
sistent. These finding are surprising, for although the phe 
notype observed is compatible with lack of recent antigen 
exposure and therefore predicted in the resolved group, the 
same phenotype is more difficult to account for in the 
presence of ongoing antigenic stimulation in patients with 
chronic infection. Furthermore, this phenotype is not seen in 
other persistent but controlled virus infections such as 
Cytomegalovirus. There are a number of possible mecha 
nisms to account for the observed early memory phenotype. 
Firstly, the effector memory population may be compart 
mentalized to the liver where they actively contribute to the 
control of viraemia. Alternatively, these cells may be com 
partmentalized to the liver where they are deleted following 
interaction with antigen presented in the liver environ 
ment—a mechanism, which possibly contributes to viral 
persistence. Finally effector memory cells may not be gen 
erated and therefore will not be detected in the peripheral 
blood or the liver through mechanisms such as the infection 
and malfunction of dendritic cells in HCV infected indi 
viduals that might abnormally prime HCV specific CD8+ T 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 100 

<21 Oc 
<211 
<212> 

SEQ ID NO 1 
LENGTH 10 
TYPE PRT 

ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 1 

Tyr Lieu Lleu Pro Arg Arg Gly Pro Arg Lieu 
1 5 10 

SEQ ID NO 2 
LENGTH 9 
TYPE PRT 

ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 2 

Asp Leu Met Gly Tyr Ile Pro Leu Val 
1 5 

SEQ ID NO 3 
LENGTH 10 
TYPE PRT 

ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 3 

Lieu Lleu Ala Lieu Lleu Ser Cys Lieu. Thr Val 
1 5 10 

SEQ ID NO 4 
LENGTH 8 
TYPE PRT 

ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 4 
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32 
cells. Analysis of the phenotype and function of intrahepatic 
HCV specific CD8+ T cells, and a clearer understanding of 
the mechanisms of T cell differentiation and the association 
with different viral specificities is required to clarify these 
mechanisms. 
CD8+ T cell lines from individuals with both resolved and 

persistent infection were generated and have shown that that 
even weak responses, which are not detectable directly ex 
Vivo, can be readily expanded in a short term in-vitro 
culture. The findings indicate that in vitro proliferative 
capacity is maintained, at least under conditions of IL-2 
supplementation, (which has been used for all HCV related 
studies thus far). Differences in T-cell function are unmasked 
under more rigorous conditions. 
The results described herein indicate that HCV specific T 

cell responses are preserved at relatively high levels in the 
absence of detectable antigen. In contrast, responses in 
chronic infection are weaker and narrower, despite continu 
ous antigenic stimulation, with little or no correlation 
between the HCV specific CD8+ T-cell response and viral 
load or disease activity. The HCV specific T cells in both 
resolved and chronic infection are similar in their functional 
and phenotypic properties. The early differentiated central 
memory phenotype seen in the presence of persistent 
Viraemia is Surprising. 

Other embodiments are within the following claims. 
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Ile Leu. His Thr Pro Gly Cys Val 
5 

<210 SEQ ID NO 5 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 5 

Glin Leu Arg Arg His Ile Asp Leu Lieu Val 
5 10 

<210> SEQ ID NO 6 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 6 

Ser Met Val Gly Asn Trp Ala Lys Val 
1 5 

<210 SEQ ID NO 7 
<211& LENGTH: 11 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 7 

Ser Lieu Lieu Ala Pro Gly Ala Lys Glin Asn Val 
5 10 

<210 SEQ ID NO 8 
&2 11s LENGTH 9 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 8 

Cys Ile Asin Gly Val Cys Trp Thr Val 
5 

<210 SEQ ID NO 9 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 9 

Leu Lieu. Cys Pro Ala Gly. His Ala Val 
1 5 

<210> SEQ ID NO 10 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 10 

Thr Gly Ala Pro Val Thr Tyr Ser Thr Tyr 
1 5 10 

<210> SEQ ID NO 11 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 11 

Lys Lieu Val Ala Leu Gly Ile Asn Ala Wal 

US 7,201,904 B2 
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SEQ ID NO 12 
LENGTH 9 
TYPE PRT 

ORGANISM: Hepatitis C virus 

SEQUENCE: 12 

Ser Leu Met Ala Phe Thr Ala Ala Wall 

<400 SEQUENCE: 13 

5 

SEQ ID NO 13 
LENGTH 10 
TYPE PRT 

ORGANISM: Hepatitis C virus 

Leu Lleu Phe Asn. Ile Leu Gly Gly Trp Val 
5 10 

SEQ ID NO 14 
LENGTH 9 
TYPE PRT 

ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 14 

Ile Leu Ala Gly Tyr Gly Ala Gly Val 

<400 

5 

SEQ ID NO 15 
LENGTH 11 
TYPE PRT 

ORGANISM: Hepatitis C virus 

SEQUENCE: 15 

Ser Pro Asp Ala Glu Lieu. Ile Glu Ala Asn Lieu 
5 10 

SEQ ID NO 16 
LENGTH 9 
TYPE PRT 

ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 16 

Ile Leu Asp Ser Phe Asp Pro Leu Val 
5 

SEQ ID NO 17 
LENGTH 9 
TYPE PRT 

ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 17 

Ala Leu Tyr Asp Val Val Thr Lys Lieu 
5 

<210> SEQ ID NO 18 
&2 11s LENGTH 10 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 18 

Arg Lieu. Ile Val Phe Pro Asp Leu Gly Val 
5 10 

US 7,201,904 B2 
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SEQ ID NO 19 
LENGTH 9 
TYPE PRT 
ORGANISM 

SEQUENCE: 

Gly Lieu Glin Asp 
1 

<210> SEQ ID NO 
&2 11s LENGTH 9 
&212> TYPE 
<213> ORGANISM 

PRT 

<400 SEQUENCE: 

Ser Lieu. Thr Pro 

SEQ ID NO 
LENGTH 9 
TYPE PRT 
ORGANISM 

<400 SEQUENCE: 

Arg Val Cys Glu 

SEQ ID NO 
LENGTH 9 
TYPE PRT 
ORGANISM 

SEQUENCE: 

Met Ser Thr Asn 
1 

<210> SEQ ID NO 
&2 11s LENGTH 8 
&212> TYPE 
<213> ORGANISM 

PRT 

<400 SEQUENCE: 

Hepatitis C virus 

19 

Cys Thr Met Leu Val 
5 

20 

Hepatitis C virus 

20 

Pro His Ser Ala Lys 
5 

21 

Hepatitis C virus 

21 

Lys Met Ala Leu Tyr 
5 

22 

Hepatitis C virus 

22 

Pro Llys Pro Glin Lys 
5 

23 

Hepatitis C virus 

23 

Thir Ile Asn Tyr Thr Ile Phe Lys 
5 

SEQ ID NO 24 
LENGTH 10 
TYPE PRT 

ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 24 

Thr Leu Gly Phe Gly Ala Tyr Met Ser Lys 
5 10 

SEQ ID NO 25 
LENGTH 8 
TYPE PRT 

ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 25 

Thr Leu Thr His Pro Val Thr Lys 
1 5 

<210> SEQ ID NO 26 

US 7,201,904 B2 

-continued 

38 



39 

&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C 

<400 SEQUENCE: 26 

Ala Tyr Ser Glin Gln Thr Arg 
1 5 

<210 SEQ ID NO 27 
&2 11s LENGTH 8 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C 

<400 SEQUENCE: 27 

Met Ala Lieu. Thir Leu Ser Pro 
1 5 

<210> SEQ ID NO 28 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C 

<400 SEQUENCE: 28 

Gly Pro Arg Lieu Gly Val Arg 
5 

SEQ ID NO 29 
LENGTH 9 
TYPE PRT 

ORGANISM: Hepatitis C 

SEQUENCE: 29 

Asp Pro Arg Arg Arg Ser Arg 
5 

SEQ ID NO 30 
LENGTH 9 
TYPE PRT 

ORGANISM: Hepatitis C 

<400 SEQUENCE: 30 

His Ser Lys Lys Lys Cys Asp 
1 5 

SEQ ID NO 31 
LENGTH 8 
TYPE PRT 

ORGANISM: Hepatitis C 

SEQUENCE: 31 

Lieu. Ile Arg Lieu Lys Pro Thr 
5 

SEQ ID NO 32 
LENGTH 8 
TYPE PRT 

ORGANISM: Hepatitis C 

<400 SEQUENCE: 32 

Arg Asp Trp Ala His Asn Gly 
5 

SEQ ID NO 33 
LENGTH 11 
TYPE PRT 

virus 

Gly Lieu 

virus 

virus 

Ala Thr 

virus 

Asn Lieu 

virus 

Glu Lieu 

virus 

Telu 

virus 

Telu 
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<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 33 

Ser Glu Cys Thr Thr Pro Cys Ser Gly Ser Trp 
5 10 

<210> SEQ ID NO 34 
&2 11s LENGTH 9 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 34 

Asn Glu Gly Cys Gly Trp Ala Gly Trp 
5 

<210 SEQ ID NO 35 
&2 11s LENGTH 10 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 35 

Cys Val Ile Gly Gly Ala Gly Asn. Asn Thr 
1 5 10 

<210 SEQ ID NO 36 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400> SEQUENCE: 36 

Lys Ser Lys Lys Thr Pro Met Gly Phe 
5 

<210 SEQ ID NO 37 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 37 

Gly Glin Ile Val Gly Gly Val Tyr Leu Leu 
5 10 

<210 SEQ ID NO 38 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 38 

Gly Glu Asn Asp Thr Asp Val Phe Val Lieu 
1 5 10 

<210 SEQ ID NO 39 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 39 

Leu Glu Asp Arg Asp Arg Ser Glu Lieu 
1 5 

<210> SEQ ID NO 40 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

US 7,201,904 B2 
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-continued 

<400 SEQUENCE: 40 

His Glu Tyr Pro Val Gly Ser Gln Leu 
1 5 

<210> SEQ ID NO 41 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 41 

Arg Glu Ile Ser Val Pro Ala Glu Ile Leu 
5 10 

<210> SEQ ID NO 42 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 42 

Asp Tyr Pro Tyr Arg Leu Trp His Tyr 
5 

<210> SEQ ID NO 43 
&2 11s LENGTH 2.0 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 43 

Lys Trp Val Pro Gly Ala Val Tyr Thr Phe Tyr Gly Met Trp Pro Leu 
1 5 10 15 

Teu Telu Teu Lleu. 
2O 

<210> SEQ ID NO 44 
&2 11s LENGTH 2.0 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 44 

Cys Pro Ala Gly His Ala Val Gly Ile Phe Arg Ala Ala Val Cys Thr 
1 5 10 15 

Arg Gly Val Ala 
2O 

<210> SEQ ID NO 45 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 45 

Ala Thr Asp Ala Leu Met Thr Gly Tyr 
1 5 

<210> SEQ ID NO 46 
&2 11s LENGTH 2.0 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 46 

Ala Arg Gly Ser Pro Pro Ser Val Ala Ser Ser Ser Ala Ser Glin Leu 
1 5 10 15 

Ser Ala Pro Ser 
2O 

44 
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<210> SEQ ID NO 47 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 47 

Glin Pro Glu Lys Gly Gly Arg Llys Pro Ala 
1 5 10 

<210> SEQ ID NO 48 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 48 

Ser Pro Gly Glu Ile Asn Arg Val Ala Ala 
1 5 10 

<210 SEQ ID NO 49 
&2 11s LENGTH 8 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 49 

Cys Pro Asn Ser Ser Ile Val Tyr 
5 

<210> SEQ ID NO 50 
&2 11s LENGTH 10 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 50 

Asn Thr Arg Pro Pro Leu Gly Asn Trp Phe 
5 10 

<210 SEQ ID NO 51 
&2 11s LENGTH 9 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 51 

Phe Tyr Gly Met Trp Pro Leu Leu Leu 
1 5 

<210> SEQ ID NO 52 
&2 11s LENGTH 8 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 52 

Phe Tyr Gly Met Trp Pro Leu Leu 
1 5 

<210 SEQ ID NO 53 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 53 

His Ala Val Gly Lieu Phe Arg Ala Ala 
1 5 
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-continued 

<210> SEQ ID NO 54 
&2 11s LENGTH 9 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 54 

Leu. Thir Thr Ser Glin Thr Lieu. Leu Phe 
5 

<210 SEQ ID NO 55 
&2 11s LENGTH 8 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 55 

Ile Pro Asp Arg Glu Val Lieu. Tyr 
5 

<210 SEQ ID NO 56 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 56 

Val Ile Ala Pro Ala Val Glin Thr Asn Trp 
5 10 

<210 SEQ ID NO 57 
&2 11s LENGTH 9 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 57 

Glu Pro Glu Pro Asp Val Ala Val Leu 
5 

<210 SEQ ID NO 58 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 58 

Leu Gly Val Pro Pro Leu Arg Ala Trp Arg 
5 10 

<210 SEQ ID NO 59 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 59 

Tyr Arg Leu Trp His Tyr Pro Cys Thr Ile 
1 5 10 

<210 SEQ ID NO 60 
&2 11s LENGTH 2.0 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 60 

Ala Thr Cys Ile Asn Gly Val Cys Trp Thr Val Tyr His Gly Ala Gly 
1 5 10 15 

Thr Arg Thr Ile 
2O 
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<210> SEQ ID NO 61 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 61 

Tyr Arg Leu Trp His Tyr Pro Cys Thr Ile 
1 5 10 

<210> SEQ ID NO 62 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 62 

Leu Ser Pro Tyr Tyr Lys Arg Tyr Ile Ser 
5 10 

<210 SEQ ID NO 63 
&2 11s LENGTH 9 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 63 

Cys Ile Asin Gly Val Cys Trp Thr Val 
5 

<210> SEQ ID NO 64 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 64 

Glu Thr Phe Trp Ala Lys His Met Trp 
1 5 

<210 SEQ ID NO 65 
<211& LENGTH: 11 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 65 

Ser Glu Cys Cys Thr Pro Cys Ser Gly Ser Trp 
5 10 

<210 SEQ ID NO 66 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 66 

Glu Lieu. Ile Glu Ala Asn Lieu Lleu Trp 
5 

<210 SEQ ID NO 67 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 67 

Thr Ala Arg His Thr Pro Val Asn Ser Trp 
1 5 10 

<210 SEQ ID NO 68 
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&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM 

<400 SEQUENCE: 

Asn Glu Gly Cys 
1 

<210> SEQ ID NO 
&2 11s LENGTH 8 
&212> TYPE PRT 
<213> ORGANISM 

<400 SEQUENCE: 

Cys Pro Asn Ser 
1 

<210> SEQ ID NO 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM 

<400 SEQUENCE: 

His Pro Asn. Ile 

<210> SEQ ID NO 
&2 11s LENGTH 8 
&212> TYPE PRT 
<213> ORGANISM 

<400 SEQUENCE: 

51 

Hepatitis C virus 

68 

Gly Trp Met Gly Trp 
5 

69 

Hepatitis C virus 

69 

Ser Ile Val Tyr 
5 

70 

Hepatitis C virus 

70 

Glu Glu Wall Ala Leu 
5 

71. 

Hepatitis C virus 

71. 

Ile Pro Asp Arg Glu Val Lieu. Tyr 
5 

<210 SEQ ID NO 72 
&2 11s LENGTH 10 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 72 

Val Ile Ala Pro Ala Val Glin Thr Asn Trp 
5 10 

<210 SEQ ID NO 73 
&2 11s LENGTH 9 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 73 

Glu Pro Glu Pro Asp Val Ala Val Leu 
5 

<210> SEQ ID NO 74 
&2 11s LENGTH 10 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 74 

Leu Gly Val Pro Pro Leu Arg Ala Trp Arg 
5 10 

<210 SEQ ID NO 75 
&2 11s LENGTH 9 
&212> TYPE PRT 
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<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 75 

Val Leu Asp Ser Phe Lys Thir Trp Leu 
5 

<210 SEQ ID NO 76 
&2 11s LENGTH 2.0 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 76 

Thir Ser Arg Ser Ala Cys Glin Arg Gln Lys Lys 
5 10 

Leu Glin Wall Leu 
2O 

<210 SEQ ID NO 77 
<211& LENGTH: 11 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 77 

Asn Thr Arg Pro Pro Leu Gly Asn Trp Phe Gly 
1 5 10 

<210 SEQ ID NO 78 
&2 11s LENGTH 9 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 78 

His Ala Val Gly Lieu Phe Arg Ala Ala 
5 

<210 SEQ ID NO 79 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 79 

Leu Gly Val Pro Pro Leu Arg Ala Trp Arg 
5 10 

<210 SEQ ID NO 80 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 80 

Leu. Thir Thr Ser Glin Thr Lieu. Leu Phe 
1 5 

<210> SEQ ID NO 81 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 81 

Leu Gly Val Pro Pro Leu Arg Ala Trp Arg 
1 5 10 

<210> SEQ ID NO 82 
<211& LENGTH: 11 
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&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 82 

Asn Thr Arg Pro Pro Leu Gly Asn Trp Phe Gly 
1 5 10 

<210 SEQ ID NO 83 
&2 11s LENGTH 2.0 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 83 

Leu Gly Ala Leu Thr Gly. Thir Tyr Val Tyr Asn His Leu Thr Pro Leu 
1 5 10 15 

Arg Asp Trp Ala 
2O 

<210> SEQ ID NO 84 
&2 11s LENGTH 2.0 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 84 

Val Phe Thr Gly Leu Thr His Ile Asp Ala His Phe Leu Ser Glin Thr 
1 5 10 15 

Lys Glin Ser Gly 
2O 

<210 SEQ ID NO 85 
&2 11s LENGTH 2.0 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 85 

Gly Ile Glin Tyr Lieu Ala Gly Lieu Ser Thr Lieu Pro Gly Asn Pro Ala 
1 5 10 15 

Ile Ala Ser Lieu 
2O 

<210 SEQ ID NO 86 
&2 11s LENGTH 2.0 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 86 

Leu Thir Thr Ser Gln Thr Leu Leu Phe Asin Ile Leu Gly Gly Trp Val 
1 5 10 15 

Ala Ala Glin Leu 
2O 

<210 SEQ ID NO 87 
&2 11s LENGTH 18 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 87 

Cys Lieu. Ile Arg Lieu Lys Pro Thr Lieu. His Gly Pro Thr Pro Leu Lieu 
1 5 10 15 

Tyr Arg 

<210 SEQ ID NO 88 
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&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 88 

Met Met Met Asn Trp Ser Pro Thr Thr 
1 5 

<210 SEQ ID NO 89 
&2 11s LENGTH 8 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 89 

Phe Tyr Gly Met Trp Pro Leu Leu 
1 5 

<210 SEQ ID NO 90 
<211& LENGTH 21 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 90 

His Cys Pro Ala Gly His Ala Val Gly Ile Phe Arg Ala Ala Val Cys 
1 5 10 15 

Thr Arg Gly Val Ala 
2O 

<210> SEQ ID NO 91 
&2 11s LENGTH 2.0 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 91 

Leu Ser Pro Tyr Tyr Lys Arg Tyr Ile Ser Trp Cys Leu Trp Trp Leu 
1 5 10 15 

Gln Tyr Phe Leu 
2O 

<210 SEQ ID NO 92 
&2 11s LENGTH 2.0 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 92 

Asp Ala Val Ile Leu Leu Met Cys Ala Val His Pro Thr Leu Val Phe 
1 5 10 15 

Asp Ile Thr Lys 
2O 

<210 SEQ ID NO 93 
&2 11s LENGTH 10 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 93 

Tyr Arg Leu Trp His Tyr Pro Cys Thr Ile 
1 5 10 

<210 SEQ ID NO 94 
<211& LENGTH: 11 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 
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<400 SEQUENCE: 94 

Glu Val Ile Ala Pro Ala Val Glin Thr Asn Trp 
1 5 10 

<210 SEQ ID NO 95 
&2 11s LENGTH 8 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 95 

Ala Ala Arg Val Thr Ala Ile Leu 
5 

<210 SEQ ID NO 96 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 96 

Phe Tyr Gly Met Trp Pro Leu Leu Leu 
5 

<210 SEQ ID NO 97 
<211& LENGTH: 12 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 97 

Ser Wall Ala Ser Ser Ser Ala Ser Glin Leu Ser Ala 
1 5 10 

<210 SEQ ID NO 98 
&2 11s LENGTH 9 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 98 

Arg Asp Trp Ala His Asn Gly Lieu Arg 
5 

<210 SEQ ID NO 99 
&2 11s LENGTH 9 
&212> TYPE PRT 

<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 99 

Leu Arg Asp Trp Ala His Asn Gly Lieu 
5 

<210> SEQ ID NO 100 
<211& LENGTH: 12 
&212> TYPE PRT 
<213> ORGANISM: Hepatitis C virus 

<400 SEQUENCE: 100 

Pro Leu Arg Asp Trp Ala His Asn Gly Lieu Arg Asp 
1 5 10 

What is claimed is: 2. An immunogenic composition comprising a purified 
Hepatitis C Virus (HCV) polypeptide, wherein said HCV 
polypeptide is HLA-A29 restricted and consists of the amino 
acid sequence of SEQ ID NO:51. 

1. An immunogenic composition comprising a purified 
Hepatitis C Virus (HCV) polypeptide, wherein said HCV 
polypeptide is HLA-Cw7 restricted and consists of the 
amino acid sequence of SEQ ID NO:52. k . . . . 


